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GEOLUGY OF PAWNEE COUNTY, OKLAHOMA 
CHAPTER I  
INTRODUCTION
Scope and Purpose s i  Report 
The da ta  acquired  in  a f i e ld  and lab o ra to ry  study o f the  su rface  
rocks o f Pawnee County and th e i r  westward co n tin u a tio n  in to  the  subsurface 
a re  p resen ted  in  th i s  re p o r t.  S pecia l a t te n t io n  i s  given to  lith o lo g y , 
th ic k n e ss , sequence, and faunal con ten t of each form ation . The d i s t r i ­
b u tion  and s t r u c tu r a l  fe a tu re s  o f key u n its  mappable by reconnaissance 
methods a re  shown on the  accompanying geologic map (P la te  1 ). C o rre la ­
tio n  o f the  su rface  and subsurface se c tio n s  is  shown on e l e c t r i c  log 
cro ss  se c tio n s  A-B, B-C, and D-E (P la te s  2, 3, and 4, r e s p e c t iv e ly ) .  The 
lo c a tio n  and occurrence of m ineral d ep o s its  o f p o ss ib le  economic value , 
w ith  p a r t ic u la r  emphasis on crude o i l  and n a tu ra l gas, a re  b r ie f ly  d is ­
cussed .
Location fif. ih £  Area 
Pawnee County inc ludes about 584 square m iles o f n o r th -c e n tra l 
Oklahoma northw est of the  c i ty  o f Tulsa (F ig . 1 ), The county i s  roughly 
t r ia n g u la r  w ith  th e  sh arp est apex o f  th e  t r ia n g le  po in ting  eastw ard. The 
Arkansas River forms the  county boundary on th e  north  and e a s t ,  sep a ra tin g
1
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Figure 1. Index map of Oklahoma, showing location of Pawnee County.
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Pawnee County from Osage County, O ther ad jacen t co u n tie s  a re  Noble on
the  west and sou th , and Creek and Tulsa on the sou th .
Previous In v e s tig a tio n s  
Published data  on th e  su rface  geology o f Pawnee County a re  
lim ited  alm ost ex c lu siv e ly  to  d iscu ss io n s  of a reg io n a l n a tu re . Sub­
su rface  data  a re  more p le n t i f u l ,  however, and inc lude  sev e ra l re fe ren ces  
on the geology o f in d iv id u a l o i l  pools in  the  county.
The most comprehensive re p o r t y e t pub lished  on th e  geology of
Pawnee County was w ritte n  by Frank C. Greene (1930). I t  c o n s is ts  o f a 
b r ie f  d iscu ss io n  o f the s tru c tu re  and s tra tig ra p h y  o f  th e  su rface  and 
subsurface rocks to g e th e r  w ith  a resume o f o i l  f i e ld  development and 
fu tu re  o i l  p o s s i b i l i t i e s .  A guide to  the  geology along Oklahoma's h igh­
ways, issued  by th e  Oklahoma C ity  G eological S ocie ty  (1932; re v ise d , 1955) 
summarizes th e  geology o f  Pawnee County along U.S. Highway 64. The su rface  
geology o f th e  easternm ost p o rtio n  o f the  county was mapped by Oakes (1952) 
in  con junction  w ith h is  work on Tulsa County. Included in  Oakes' re p o r t 
a re  sev e ra l measured se c tio n s  from Pawnee County. A s o i l s  map o f the  
county was pub lished  by Galloway and o th e rs  (1952).
The e a r l i e s t  c o n tr ib u tio n  to  the  reg io n a l geology of th e  a rea  
was made by Gould, Ohern, and Hutchison (1910), who proposed a new 
c la s s i f i c a t io n  o f th e  Pennsylvanian rocks o f e a s te rn  Oklahoma. Heald 
(1916) f i r s t  extended Kansas term inology in to  Oklahoma in  h is  r e p o r t  on 
th e  Foraker quadrangle in  n o rthern  Osage County. Beede (1917) describ ed  
th e  a re a l  ex te n t and s tr a t ig r a p h ie  r e la t io n s  o f the  Neva lim estone south 
o f  the  Arkansas River w ith p a r t i c u la r  re fe ren ce  to  exposures no rth  o f
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Pawnee. Fath (1920) described  the a n t ic l in e s  and en echelon f a u l t  zones 
o f c e n tra l and n o r th -c e n tra l Oklahoma and presen ted  a theory fo r  th e i r  
o r ig in . The s tru c tu re  o f the  reg ion  has been d iscussed  by sev era l au thors 
inc lud ing  Foley (1926), S h e r r i l l  (1929), Melton (1930), and Powers (1931).
M iser's  "Geologic Map of Oklahoma", f i r s t  published in  1926, 
shows the  a re a l geology o f Pawnee County on a sc a le  o f 1:500,000. A 
rev ised  e d itio n  o f th is  map was published  in  1954,
F u rth er reg io n a l background was supplied  by Gould and Wilson 
(1927), who d iscussed  the Upper Paleozoic rocks o f Oklahoma in  th e i r  
"Paleogeography o f  Oklahoma". The s tra tig ra p h y  o f  the  Mid-Continent 
reg io n , which inc ludes  Pawnee County, was the su b jec t o f papers by 
Levorsen (1927), H iestand (1935), Green (1936, 1937), and Dott (1941), 
Anderson (1941) d escribed  th e  in te r f in g e r in g  marine and red  bed d ep o sits  
o f  n o r th -c e n tra l Oklahoma. The upper Pennsylvanian and lower Permian 
s tra t ig ra p h y  o f n o r th -c e n tra l Oklahoma was reviewed by Parker and o th e rs  
(1946) in  a f i e ld  t r i p  guidebook of the Oklahoma C ity  G eological S ocie ty .
B rie f  re fe ren c e  to  the  economic geology of Pawnee County has 
been made in  a number o f a r t i c l e s .  In surveys o f Oklahoma's m ineral 
resources Gould e t  a l .  (1908), Gould (1911), Snider (1911a), Shannon (1914) 
and Cullen (1917) mentioned the p o ssib le  economic value of the lim estones, 
sandstones, and sh a le s  o f Pawnee County. A review of th e  physical prop­
e r t i e s  o f th e  c lay  and the  o pera tion  o f th e  b rick  p la n t a t  C leveland was 
given by Snider (1911) and l a t e r  by Sheerar (1932). Shannon e t  a l .  (1926, 
p . 57) mentioned a co a l d ep o sit in  the town o f  R alston, and small copper 
d ep o s its  in  th e  w estern p a r t  o f th e  county were described  by M e rr itt 
(1940). The occurrence and value o f ra d io a c tiv e  m inerals a sso c ia ted
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w ith  th e  copper were d iscussed  by Branson and o th e rs  (1955).
The h is to ry  and geography of Pawnee County were reviewed by 
Snider (1917) in  a re p o rt on the geography of Oklahoma.
The d iscovery  o f o i l  near the town of Cleveland in  1904 re su lte d  
in  an a c tiv e  program of in v e s tig a tio n  o f the  subsurface geology o f the  
county. U nfo rtunate ly , most o f th i s  work has been done by p r iv a te  corpora­
t io n s ,  who have not published th e i r  f in d in g s .
One of th e  e a r l i e s t  published references to  o i l  and gas in 
Pawnee County was in  a review of the  m ineral resources o f Oklahoma by 
Gould e t  a l .  (1908), who to ld  o f the  d iscovery of th e  Cleveland pool.
The C leveland pool was a lso  d iscussed  by Hutchison (1911) in  h is  summary 
o f hydrocarbon production in  Oklahoma. Wood (1911) reviewed the  o i l  and 
gas development o f  n o r th -c e n tra l Oklahoma, includ ing  a l l  o f easternm ost 
Pawnee County in  h is  survey. In  1917 a b r ie f  summary o f the  s tru c tu re ,  
s tr a t ig ra p h y , and cummulative and p ro sp ec tiv e  o i l  p roduction  of Pawnee 
County was given by Shannon and o th e rs  in  a re p o rt on o i l  and gas in  
Oklahoma. The Morrison (Watchorn) f i e ld  was the  su b jec t o f a d e ta ile d  
study by C arpen ter in  1927, and a year l a t e r  Bess M. B u llard  (1926) 
pub lished  a com pilation  o f d a ta  on each o f Oklahoma's o i l  and gas f ie ld s .
The geology of the Redfork sh o es trin g  sand production in  the 
Keystone a rea  o f  Pawnee, Creek, and Tulsa Counties was d iscussed  in  
d e ta i l  by Randall White (1941), and in  1942 a b ib liog raphy  o f Oklahoma's 
o i l  and gas p o o ls , includ ing  those in  Pawnee County, was published by 
A. G. and M. B. S helton . Three s ig n if ic a n t  c o n trib u tio n s  to  the  know­
ledge o f th e  c o u n ty 's  subsurface geology have been made in  reg iona l 
s tu d ie s  pub lished  subsequent to  the  S h e lto n s ' b ib lio g rap h y . Lukert
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(1949), in  a subsurface study o f  southern  Kansas and northern  Oklahoma, 
extended one o f h is  eas t-w est e l e c t r i c  log cross se c tio n s  across Pawnee 
County; Ire la n d  (1955) d iscussed  the  c o n fig u ra tio n  o f the  Precambrian 
su rface  in  n o rth e a s te rn  Oklahoma and p a r ts  o f ad jacen t s ta te s ;  and T arr 
(1955) described  th e  pre-Woodford paleogeography and th ickness of th e  
Hunton form ation in  Oklahoma.
i
The p re sen t re p o r t on Pawnee County i s  one o f many s im ila r  
re p o rts  superv ised  by th e  U n ivers ity  o f Oklahoma School o f Geology in  
coopera tion  w ith  the  Oklahoma G eological survey in  i t s  program of mapping 
th e  su rface  geology o f Oklahoma, F igure 2 shows th e  lo c a tio n  of Pawnee 
County in  r e la t io n  to  o the r a rea s  on which re p o r ts  o f the su rface  geology 
a re  a v a i la b le .  Frequent re fe ren c e  i s  made to  se v e ra l o f th e se  re p o r ts ,  
e s p e c ia lly  those  to  th e  n o rth , in  the  follow ing ch ap te r on su rface  
s tra t ig ra p h y . The re p o r ts  on the  a rea s  immediately south o f Pawnee County 
a re  in  various s tag es  o f com pletion. Most o f th e  f ie ld  work is  f in ish e d , 
however, and th e  r e s u l t s  th e re o f  have been drawn upon in  w ritin g  th is  
r e p o r t .
Present. In v e s tig a tio n  
P repara tion
A eria l photographs o f th e  county taken fo r  the  A gricu ltu re  
Adjustment A dm in istra tion  in  Ju ly , 1938, were ob ta ined  from th e  Oklahoma 
G eological Survey, A lte rn a te  photographs in  each f l i g h t  l in e  were 
covered w ith a c e l lu lo s e  a c e ta te  f la p  on which se c tio n  co rn ers , d ra inage , 
r a i l r o a d s ,  and i r r e g u la r  roads were trac ed  from th e  photographs.
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F igure 2. Index map 
o f n o r th -c e n tra l Oklahoma 
showing the  a rea s  in  which 
su rface  geology has been 
mapped. Refer to  b ib l io ­
graphy fo r  source.
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using  th e  sec tio n  corners on th e  a c e ta te  overlay  fo r  o r ie n ta tio n , the  
d rainage and c u ltu re  were traced  onto th e  g r id .  Where d iffe ren ces  
occurred  between the  sc a le  o f th e  g rid  and the  sca le  o f th e  photographs, 
adjustm ents were made to  the se c tio n  co rners .
F ie ld  Procedure
F ie ld  work on th e  ea s te rn  p o rtio n  o f the  county was c a rr ie d  out 
in  th e  summer o f 1953 and the work subm itted to  the  U n iversity  o f Okla­
homa fa c u lty  as p a r t i a l  fu lf i l lm e n t o f the  requirem ents fo r  th e  degree 
o f Master o f Science (G reig, 1954). The remainder o f the county was 
mapped during th e  w in ter o f 1954-1955. A to t a l  o f about 7 months was 
spen t in  the  f i e l d .
Mapping was c a rr ie d  out from e a s t to  w est, one o r two rock u n its  
a t  a tim e. Following c a re fu l s te reo sco p ic  exam ination of the a e r ia l  
photographs, an escarpm ent-form ing or o therw ise recognizab le  u n it was 
follow ed along i t s  no rth -sou th  b e l t  o f exposure by checking outcrops 
along roads and in  creek beds. At many p laces i t  was necessary  to  walk 
th e  outcrop to  e s ta b l is h  the  c o n tin u ity  o f th e  bed. The tra c e  o f th e  
ou tcrop  and o f observed o r in fe rre d  fa u lt in g  was in d ica te d  d ir e c t ly  on the  
photographs in  co lored  g rease p e n c il.  This in form ation  was la t e r  tra c e d  
onto the  g r id  map,
L ithology and faunal con ten t o f th e  beds were noted and sampled, 
and d e ta ile d  se c tio n s  were measured w ith a hand le v e l and s te e l  ta p e .
Laboratory Procedure 
F o ss il c o lle c t io n s  were c leaned , so rte d , and id e n tif ie d ,  and 
in so lu b le  re s id u es  and th in  se c tio n s  were made fo r  key lim estone beds.
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In cases where i t  had not been p o ssib le  to  determ ine accu ra te  th ickness 
and sequence of beds in  the f ie ld ,  e l e c t r i c  logs of w ells  d r i l le d  down 
d ip  from the outcrops were s tu d ie d , the beds were id e n t if ie d  on the  logs, 
and tru e  th ickness was measured. Regional dips were e s ta b lish e d  by the  
th re e  po in t method using both su rface  and subsurface e le v a tio n s .
Physiography of Area
General Statement 
According to  the physiographic d iv is io n  of the  United S ta te s  by 
Fenneman (1938), Pawnee County i s  in  the southw estern p a r t  o f the C en tra l 
Lowland prov ince . Snider (1917), in  describ ing  the  physiographic provinces 
o f Oklahoma, p laced  the  e a s t  p o rtio n  o f the county in  th e  Sandstone H ills  
and the  west p o rtio n  in  th e  Red Beds P la in s . The d iv is io n  l in e  runs 
approxim ately n o rth -so u th  through th e  town of Pawnee and in  essence 
follow s th e  outcrop o f  the  Neva lim estone . East o f th i s  l in e  the  su rface  
rocks a re  predom inantly gray sh a les  interbedded with r e s i s ta n t  escarpm ent- 
forming beds o f sandstone and lim estone . West of the  l in e  th e  rocks a re  
predom inantly red sh a le  and s o f t  n o n -re s is ta n t sandstone.
Topography and Drainage 
D if fe re n t ia l  erosion  of th e  gen tly  w est-dipping beds o f th e  
P ra i r ie  P la in s  homocline has produced the main topographic fe a tu re s  o f 
Pawnee County. The P ra i r ie  P la in s  homocline is  a reg io n a l s t r u c tu ra l  
fe a tu re  Involv ing  th e  Pennsylvanian and Permian beds o f the  M id-Continent 
reg ion  west o f th e  Ozark dome. Truncation o f th ese  beds has formed a 
s e r ie s  o f  p a r a l le l  e a s t- fa c in g  rid g es  or cuestas  which tren d  due north
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to  j u s t  e a s t o f  n o rth , fo llow ing th e  s t r ik e  o f th e  beds. The cu estas a re  
capped by r e s i s ta n t  sandstune or lim estone and a re  separa ted  by broad 
v a lle y s  underla in  by le ss  r e s is ta n t  sandstones and lim estones and non- 
r e s is ta n t  sh a le s . Locally th is  " rid g e  and v a lle y "  p a t te rn  is  m odified by 
changes in  th e  reg io n a l d ip  o f th e  beds induced by fa u lt in g  or w arping.
Pawnee County occupies th e  northern  tw o -th ird s  of th e  e a s t-  
p o in tin g  "V" formed by the  confluence o f  the Arkansas and Cimarron R ivers. 
The lowest e le v a tio n  in  the  county, about 650 f e e t  above sea le v e l,  occurs 
a t  th i s  ju n c tio n . The h ig h e st p o in t i s  in  th e  n o r th -c e n tra l  p a r t  o f 
T. 20 N., R. 5 E . , j u s t  e a s t  o f  Lone Chimney, where fou r h i l l s  r i s e  to  a 
h e ig h t of s l ig h t ly  more than 1,120 f e e t .  Local r e l i e f  i s  g en era lly  le s s  
than 150 f e e t  and decreases westward, whereas average e lev a tio n  in c reases  
westward.
E ast o f R. 7 E. cu esta s  capped by th ic k  m assive sandstones g ive 
r i s e  to  a rough, tiiEber-covered topography ty p ic a l  o f the  Sandstone H i l l s .  
In Rs. 5, 6, and 7 E. lim estones and sandstones crop out a l te r n a te ly .
Here sh a le  v a lle y s  a re  more common, th e  topography i s  le s s  rugged, and 
tim bered slopes a re  fewer than in  th e  area f a r th e r  e a s t .  West o f  Pawnee 
in  Rs. 3 and 4 E. minor escarpm ents along th e  Arkansas River blend sou th­
ward in to  the  g en tly  ro l l in g  g rass lan d s  of the  Red Beds P la in s . Much o f 
th i s  area  i s  alm ost f l a t ,  e s p e c ia lly  where covered by upland te rra c e  
d e p o s its .
The county is  d rained  by two major r iv e r s ,  the  Arkansas and the  
Cimarron, and sev e ra l secondary stream s. The d ra inage  is  d ire c te d  north  
and northwestward in to  th e  Arkansas and southeastw ard in to  the Cimarron 
by an eas t-w est d iv id e  which c ro sses  the  county in  th e  no rth  p a r t  of
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T. 20 N. A ll bu t a few o f the secondary stream s a re  in te rm itte n t  in  
normal y ea rs , and even th e  la rg e s t ,  Black Bear Creek, i s  dry in  periods 
o f severe drought. Such a drought occurred  in  la te  1954.
The d ra inage is  in  la rg e  p a r t  subsequent, although a d e n d r it ic  
p a tte rn  i s  developed in  areas  o f uniform ly r e s i s ta n t  su rface  rock. Where 
f a u l t s  occur in  the  su rface  beds, th e  d ra inage tends to  fo llow  th e  f a u l t  
t r a c e .
The topography and d rainage o f  a l l  o f Pawnee County except a 
two-mile s t r i p  along the  w esternm ost border a re  shown on seven quadrangle 
sh ee ts  o f the  "Topographic A tla s  o f th e  United S ta te s "  (U nited S ta te s  
G eological Survey).
C lim ate
The c lim ate  o f Pawnee County i s  c h a ra c te riz e d  by long, hot 
summers and s h o r t ,  m ild w in te rs . Average annual r a in f a l l  is  about 36 
inches, most o f which f a l l s  during th e  sp ring  and summer months. F ie ld  
work is  b e s t undertaken in  th e  w in te r when v e g e ta tio n , in s e c ts ,  snakes, 
and tem peratures a re  a t  a minimum.
A c c e ss ib il ity , gf, Ibs. Alga.
Access to  Pawnee County i s  provided by four paved highways, a 
b e tte r- th a n -a v e ra g e  system o f secondary and s e c tio n - l in e  roads, and th re e  
r a i l ro a d s .  Paved highways inc lude  U.S. Highway 64, which c ro sses  the  
county in  an ea s t-w es t d ire c t io n , lin k in g  the towns o f  Pawnee, C leveland, 
and Keystone. Oklahoma Highways 18 and 99 cross th e  county in  a n o rth -  
south d ire c tio n , serv ing  Pawnee and C leveland, re sp e c tiv e ly . Oklahoma 
Highway 51 e n te rs  th e  so u th eas t co rn er o f the county near Keystone, where
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i t  jo in s  U.S. 64 enroute to  Tulsa, 24 m iles d is ta n t .  Several g raveled , 
a ll-w e a th e r  roads, includ ing  Oklahoma Highway 15, tra v e rse  the county, 
and graded roads follow  most sec tio n  lin e s  except in  areas o f high topo­
g raph ic  r e l i e f .  Many of the graded roads become tem porarily  impassable 
a f t e r  heavy ra in s ,  e sp e c ia lly  where the roads are  b u i l t  across outcropping 
sh a le .
The Oklahoma C ity spur of the M issouri, Kansas, and Texas 
Railway cro sses  the  area in  a southwest d ire c tio n , serv ing  C leveland, 
H a l le t t ,  and Jennings en rou te ; the  S t. Louis and San Francisco R ailroad 
c ro sses  the  a rea  in  an east-w est d ire c tio n , serv ing  Pawnee, H a lle t t ,  
T e rlto n , and Keystone; and a spur o f the A tchison, Topeka, and Santa Fe 
se rv es  R alston , Skedee, and Pawnee as i t  crosses the county from north  
to  south .
CHAPTER I I  
SURFACE STRATIGRAPHY
G eneral Statem ent
The su rface  rocks o f Pawnee County include approxim ately 2,500 
f e e t  o f Upper Pennsylvanian and Lower Permian sedim ents, o v erla in  lo c a lly  
by th in  d ep o s its  o f Q uaternary age. The Pennsylvanian and Permian beds 
have been t i l t e d  g en tly  westward, and subsequent erosion  has beveled the 
se c tio n , exposing p ro g ress iv e ly  o ld e r beds to  the  e a s t .
Pennsylvanian beds w ith an aggregate  th ickness o f about 1,500 
f e e t  a re  exposed in  the  ea s te rn  p a r t  o f the  county, ranging upward from 
th e  Wann form ation o f the M issouri s e r ie s  to  the  Brow nville lim estone, 
th e  top u n it  o f both th e  V irg il s e r ie s  and the  Pennsylvanian system. 
Permian beds o ccu rring  in  the  county inc lude a l l  o f th e  Wolfcamp s e r ie s  
except the uppermost p a r t ,  and have an aggregate th ick n ess  o f about 1,000 
f e e t .
Resting unconformably upon the  tru ca ted  edges o f these  la te  
Paleozoic sedim ents a re  lo c a l d ep o s its  o f  unconsolidated  Quaternary 
alluvium  and te r r a c e  m a te r ia l.
Penns_vlvaaiM.
M issouri S e rie s
In n o r th -c e n tra l  Oklahoma and ad jacen t a rea s  the  M issouri s e r ie s
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l i e s  w ith reg io n a l unconform ity on th e  Des Moines s e r ie s  and is  o v e rla in  
unconforraably by th e  V irg il s e r ie s  {Table 1),
M issouri exposures in  Pawnee County occur in  the narrow eas te rn  
po rtio n  o f the  county in  Rs, 9 and 10 E. They range from th e  middle o f 
the  Wann form ation to  th e  top o f  th e  s e r ie s  and c o n s is t m ainly o f sand­
stones in terbedded  w ith red and gray sh a le s . Exposures c o n s t i tu te  a 
th ickness o f approxim ately 450 f e e t .  Dip is  to  the  west a t  le s s  than one 
degree.
Table 1
Key beds o f  th e  M issouri s e r ie s  o f n o r th -c e n tra l  Oklahoma
V irg il  s e r ie s
( U n c o n f o r m i t y )
M issouri s e r ie s
T a lla n t form ation
Revard sandstone member 
B igheart sandstone member 
B arnsdall form ation
Unnamed shale  
Okesa sandstone 
( U n c o n f o r m i t y )
Wann form ation
Clem Creek sandstone 
"Washington Irv in g ' sandstone 
lo la  form ation 
Chanute form ation 
( U n c o n f o r m i t y )
Dewey form ation 
N e llie  Bly form ation 
Hogshooter form ation 
C o ffe y v ille  form ation 
Checkerboard lim estone 
Sem inole' form ation 
( U n c o n f o r m i t y )
Des Moines s e r ie s
A s l ig h t  southward component to  th e  d ip  is  suggested by lo c a l outcrop 
p a tte rn s  although because o f the  narrow exposure along s t r ik e  and a
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F igure  3. G eneralized columnar s e c tio n  o f the  rocks 
o f upper M issouri age in  Pawnee County,
16
d earth  o f good horizon m arkers, a q u a n ti ta t iv e  es tim a te  o f degree and 
d ire c t io n  o f d ip  was not attem pted.
The M issouri rocks o f Pawnee County y ie ld ed  no faunal rem ains.
One p la n t im pression was found.
Study o f th e  reg iona l s tra tig ra p h y  o f n o r th -c e n tra l Oklahoma 
d isc lo se s  unconform ity and southward tru n ca tio n  o f p ro g ress iv e ly  o lder 
beds between th e  Wann and B arnsdall form ation as w ell as between the  
M issouri and V irg il  s e r ie s .  These re la tio n sh ip s  a re  not ev ident in  the 
narrow b e l t  o f M issouri outcrop in  ea s te rn  Pawnee County nor a re  they 
rev ea led  by study o f the subsurface sec tio n  downdip from the  outcrop b e l t  
(P la te s  2 -4 ) . Subsurface data  in d ic a te  the presence of an angular un­
conform ity in  the  lower p a r t o f the  Wann form ation, but th is  in d ica tio n  
i s  based on incom plete data and should be considered as only a p o s s ib i l i ty  
u n t i l  confirm ed o r re fu ted  by more d e ta ile d  in v e s t ig a tio n .
Warn form ation
D e fin it io n  and d . t r ib u t io n .  The name Wann was f i r s t  app lied  by 
Ohern (1910, p. 28) to  a sedim entary sequence near the v i l la g e  o f Wann in 
Nowata County, Oklahoma. The term f e l l  in to  d isu se  u n t i l  Oakes (1940a, 
p . 726) red e fin ed  i t  to  include a l l  th e  upper M issouri rocks above the  top 
o f  th e  lo la  form ation and below th e  base o f the Torpedo sandstone. In 
a re a s  where th e  Torpedo sandstone has been removed by p re-B arnsdall e ro s io n , 
as in  Pawnee County, th e  upper l im it  o f th e  Wann is  designated  as th e  base 
o f  th e  B irch Creek lim estone o r i t s  southern  eq u iv a len t, the Okesa sand­
s to n e , b asa l member o f the overly ing  B arnsdall form ation .
The Wann form ation i s  recognized from th e  Kansas-Oklahoma lin e
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southward in to  Creek County, where i t  i s  com pletely trunca ted  by p re -  
B arnsdall e ro sion  (Oakes, 1952, p . 87 ). I t  crops out in  the  easternm ost 
p o rtio n  o f Pawnee County in  T, 20 N., R, 10 E ., and in ad jacen t p o rtio n s  
o f  R. 9 E ., where i t  was mapped by Oakes (1952) in  conjunction  w ith h is  
work in  Tulsa County,
Thickness and c h a ra c te r , Oakes (1952, p. 84) described  the Wann 
form ation in  Tulsa County as being composed o f heterogeneous rock types 
which in te rg ra d e  both la t e r a l ly  and v e r t i c a l ly .  Thick sandstones s p l i t  
southward in to  th in n e r  sandstones and in te rc a la te d  maroon sh a le s . Accord­
ing to  Oakes th e  th ickness  o f the  Wann ranges from 225 f e e t  in  T, 22 N.,
R, 10 E ,, Osage County, to  265 f e e t  in  T. 19 N ., R, 10 E ,, Tulsa County, 
Thickening o f th e  form ation to  th e  south more than compensates fo r  tru n ca­
t io n  by p re -B arn sd a ll e ro s io n .
Only th e  upper p a r t  o f th e  form ation crops out in  Pawnee County, 
The most com plete se c tio n  occurs in  sec . 25, T. 20 N ., R, 9 £ , ,  where the 
top  142 f e e t  i s  exposed.
The th ic k  sandstones re fe r re d  to  by Oakes inc lude  the "Washington 
Irv in g "  and Clem Creek sandstones, both o f which occur in  Pawnee County. 
"Washington I rv in g "  i s  a c o llo q u ia l term app lied  to  a lo c a l coalescence 
o f sev e ra l sandstone lenses which forms a prominent escarpment along th e  
banks o f th e  Cimarron R iver j u s t  west o f Keystone in  secs , 35 and 36,
T, 20 N ,, R, 9 E, The "Washington Irv in g "  is  th e  low est recognizable 
member o f th e  Wann form ation exposed in  the  county although north  and e a s t  
o f  th e  "Washington Irv in g "  exposures, unnamed sandstone lenses a re  exposed 
lower in  th e  s e c tio n .
In the SE 1/4 sec. 25, T, 20 N ., R, 9 E ,, th e  "Washington Irv in g "
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sandstone i s  o v e r la in  by 38 f e e t  of s i l t y  maroon sha le  capped by an eroded 
remnant of the  Clem Creek sandstone. One h a l f  mile northwest in the SW 
1/4 sec, 24 of the same township the  siiale u n i t  pinches out and the  
"Washington Irving"-Clem Creek s ec t io n  i s  rep resen ted  by 90 f e e t  of 
massive to  cross-bedded sandstone, con to rted  toward the base, which forms 
th e  p rec ip i to u s  e a s t  bank o f  the  Cimarron River a t  th a t  po in t (F igs .  4 and 
5 ) ,  These r e la t io n s  exemplify the  extremely l e n t i c u l a r  c h a ra c te r  of most 
of the sandstone beds in  the Wann formation.
Overlying the Clem Creek sandstone is  the  topmost u n i t  o f  the
Wann, an unnamed sec tio n  of predominantly gray sha le  conta in ing  i rons tone
concre tions .  The bed i s  about 50 f e e t  th ic k  and p e r s i s t s  across the  
county with l i t t l e  change in  th ickness  or l i th o lo g y .
A d e ta i le d  measurement o f  th a t  po rtion  of the  Wann formation ex­
posed in  Pawnee County may be found in  Appendix D, sec tio n  41.
C o rre la t io n  and s t r a t ig r a p h ie  r e l a t io n s .  The Wann formation i s  
equ ivalen t to  th a t  po rtion  o f  the Kansas s ec t io n  above the  top of the lo la  
formation and below the  base of the  uppermost limestone member (probably 
the  South Bend lim estone) o f  the  Stanton formation (Oakes, 1940, p. 80).
I t  a l so  corresponds to  a p a r t  of the  lower po r t io n  of the  Hoxbar formation 
o f  the  Ardmore Basin in  southern Oklahoma (Moore and o th e rs ,  1944, PI. 1).
The Wann formation l i e s  conformably on the  lo la  formation and i s  
o v e r la in  with s l i g h t  angular unconformity by the  Barnsdall formation. The 
Torpedo sandstone member i s  rep o r te d ly  absent by erosion  in  Pawnee County, 
but no evidence o f  d isconform ity  was seen a t  the  top of the Wann. Evidence 
o f  unconformity in  the  lower p a r t  of the formation is .  presented  on P la te  
2 and d iscussed  on page 166.
19
Figure 4. Clem Greek -  "Washington I rv in g "  sandstone 
scarp  along the Cimarron River in  SW 1/4 sec, 24,
T. 20 N., R. 9 E, Ninety f e e t  of sandstone i s  exposed 
above the  alluvium.
Figure 5. Contorted bedding in  basa l p a r t  o f  Clem 
Creek -  "Washington I rv in g "  sandstone scarp . This exposure 
i s  v i s ib l e  j u s t  above the  alluvium in  the  c e n te r  of F ig . 4.
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Paleontology. No evidence o f  e i th e r  fauna o r  f lo ra  was found 
in  the Pawnee County exposures of the  Wann formation,
B arnsdall fo rm ation .
D ef in i t io n  and d i s t r i b u t io n .  The name Barnsdall formation was 
app lied  by Oakes (1951, p. 120) to  exposures near the town of Barnsdall 
(formerly B igheart)  in  e a s t - c e n t r a l  Osage County, Oklahoma. Oakes 
defined the formation as the rocks from the base of the  Birch Creek lime­
stone upward through a sec t io n  composed la rge ly  of sha le  to the base of 
the  B igheart sandstone, basa l u n i t  of the overlying T a l lan t  formation. 
Southward from the  type l o c a l i t y  the Birch Creek limestone grades in to  
the  bottom of the  Okesa sandstone, and much of the overlying shale  changes 
fa c ie s  to  sandstone.
The B arnsdall formation i s  recognized from the  Kansas-Oklahuma 
l i n e  southward in to  Okfuskee County. In Pawnee County the formation is  
exposed in  T. 20 N., Rs. 9 and 10 E.
Thickness and c h a ra c te r .  In describ ing  the  Barnsdall formation
Oakes (1952, p. 89) s ta t e d
The B arnsdall  formation i s  heterogeneous and con ta ins  shale ,  sand­
s tone , do lom itic  limestone and dolom ite. I t  has severa l members, 
p ro b a b ly  none o f  which i s  coextensive with the formation, unless 
i t  i s  the  sh a le  member a t  the  top which apparen tly  i s  present a l l  
along the  o u tc ro p . . . .T h e . . . f o rm a t io n  i s  about 100 f e e t  th ick  a t  the 
Kansas-Oklahoma l i n e ,  110 f e e t  in  T. 23 N., 145 f e e t  in  T. 22 N .,
120 f e e t  in  T. 21 N. and 120 f e e t  in  T. 19 N.
C arl (1957, p. 39) reported  a f a i r l y  constan t th ickness  of 165 f e e t  fo r
the  Barnsdall in  sou theas te rn  Osage County. The formation i s  80 f e e t
th ic k  in  T. 12 N. in  c e n t ra l  Okfuskee County (R ies, 1954, p. 77).
No acc u ra te  measurement was obtained o f  the  th ickness  of the
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B arnsdall formation in  Pawnee County, but along the south l in e  of sec .  19,
T, 20 N., R. 10 E . , the Okesa sandstone member a t t a in s  a th ickness of 16
f e e t .  The overly ing  sha le  i s  as much as 78 f e e t  th ick  in  sec. 12, T. 20 N.,
B. 9 E . , and the  NE 1/4 sec. 27, T. 20 N., R. 9 E.
No calcareous members were seen in  the sec t io n s  of Barnsdall in
eas te rn  Pawnee County. The Wildhorse dolomite member, which occurs near 
the  top o f  the formation in southern Osage County (Carl,  1957, p. 42), 
i s  not found south o f  the Arkansas River.
Okesa sandstone member.
The basa l Okesa sandstone c o n s is ts  of one p e r s i s te n t  bed in  Paw­
nee County, c o n tra s t in g  with the sev e ra l  beds noted by Oakes (1952, p. 90) 
in  ad jacen t Tulsa and Osage Counties. I t  is  a f in e - to  medium-grained 
sandstone, massive to  cross-bedded, with some con to rted  bedding. I t  caps 
the  b lu f f s  along the Cimarron and Arkansas Rivers in  R. 10 E. and ad jacen t 
po rtions  o f  R. 9 E . ,  forming the  easternmost continuous escarpment in  the 
county. Exposures of the  Okesa sandstone a re  commonly obscured by slump 
o f the  overly ing  sh a le .
Above the  Okesa i s  an unnamed sequence composed p r in c ip a l ly  of 
sh a le  and a few th in  l e n t i c u l a r  beds of f in e -g ra in ed  sandstone. Where 
exposed below the  B igheart member of the  T a l lan t  formation in  secs .  28 
and 29, T. 20 N., R. 9 E . , the  sha le  i s  maroon to  red  in the  top p a r t ,  but 
f a r th e r  north  in  sec . 11 o f  the same township the sha le  exposed immediately 
below the  B ig h e a r t is  gray to  g ray-green .
Measured sec tio n s  o f  po rtions  of the  Barnsdall formation a re  
l i s t e d  in  Appendix D, sec tio n s  39 and 40.
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C o rre la t io n  and s t r a t ig r a p h ie  r e l a t io n s .  According to  Oakes 
(1952, p. 92) the  basa l Okesa-Birch Creek member of the Barnsdall 
formation i s  probably equ ivalen t to  the  South Bend limestone of Kansas 
and ea s te rn  Nebraska and the overly ing  shale  member to  the  lower p a r t  o f  
the  Weston sha le  of southern Kansas. To the south in  Seminole County, 
Oklahoma, Tanner (1956, p. 86) c o r re la te d  the Barnsdall with the  upper 
p a r t  of the  H i l l to p  formation.
The co n tac t  of the B arnsdall formation with the  underlying Wann 
i s  one o f  s l i g h t  angular unconformity. This r e la t io n s h ip  i s  not ev ident 
in Pawnee County but becomes apparent when observations  a re  made on a 
reg iona l b a s i s .  The unconformity tru n c a te s  the  Wann and lo la  formations 
southward so th a t  in  so u th -c e n tra l  Creek County the  Okesa sandstone l i e s  
on the  Chanute formation (Oakes, 1952, p. 92). The con tac t  o f  the  Barns­
d a l l  formation with the  overly ing T a l lan t  formation i s  conformable.
Paleontology. No evidence o f  e i t h e r  fauna or f l o r a  was observed 
in the  exposures o f  the  Barnsdall formation in Pawnee County. Carl 
(1957, p. 44) l i s t s  a small faunule c o l le c te d  from the unnamed shale  
member in  the  NW 1/4 sec . 21, T. 22 N., S. 10 E.
T a l la n t  formation
D e f in i t io n  and d i s t r i b u t io n .  The name T a l la n t  formation was 
app lied  by Oakes (1951, p. 121) to  exposures near the town o f  T a l la n t  in  
c e n t r a l  Osage County, Oklahoma. U n til  the formation was named, the  beds 
o f  which i t  i s  composed were considered to  be of V irg i l  age and were 
included in  the  basa l p a r t  o f  the  Nelagoney formation, a term which has 
now been d iscarded .  Work by Oakes (1952, p. 93) has demonstrated th a t
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the  basa l V irg i l  u n i t  of Kansas, the  Tonganoxie channel sandstone, 
c o r r e l a te s  with the Cheshewalla sandstone of northern  Oklahoma, not with 
the Bigheart sandstone as prev iously  supposed. As a r e s u l t ,  the sec tion  
from the  base of the Bigheart to  the  base of the Cheshewalla was r e c l a s s i ­
f ie d ,  the beds being assigned to the  Missouri s e r ie s  and given the name 
T a l la n t  formation.
The T a l lan t  formation extends southward from the Kansas-Oklahoma 
l in e  in  a r e l a t i v e l y  narrow s t r i p  across Osage, Pawnee, and Creek Counties 
in to  Okfuskee County, where i t  i s  truncated  by p re -V irg i l  erosion .
Exposures of the T a l lan t  in Pawnee County extend eastward from
about the  c e n te r  o f  R. 8 E . , a t t a in in g  a maximum width o f  outcrop of over
8 miles in the "V" between the  Arkansas and Cimarron Rivers.
Thickness and ch a ra c te r .  In h is  o r ig in a l  d e f in i t io n  Oakes (1951,
p. 121) described  the  T a l lan t  formation as fo llow s:
I t  c o n s is ts  o f  sandstone and sh a le .  In Osage County . . .  the re  are  
two p r in c ip a l ,  named, sandstone members, the  B igheart and the Revard 
in ascending o rder ,  but the  sev e ra l  g e o lo g is ts  who have w r i t ten  about 
them are  not in  accord as to  t h e i r  l im i ts  except, fo r tu n a te ly ,  th a t  
a l l  agree on the  base o f  the B igheart,  the basa l member o f  the Tal­
l a n t ,  In a d d i t io n  to  the Bigheart and the Revard th e re  are  o ther  
sandstone u n i t s  and some o f  these  may be ex tensive  enough to  be 
mapped, ev en tu a l ly ,  as members.
This d e sc r ip t io n  i s  app licab le  to  the formation in  Pawnee County, where 
the  T a l la n t  c o n s is t s  o f  a sandstone-shale  sequence, th ree  of the  sand­
stones being p e r s i s t e n t  enough to  be mapped as members.
The th ickness  of the formation in n o r th eas te rn  Osage County 
ranges between 100 and 250 f e e t  (Tanner, 1956a, p, 32), Southward from 
the  type lo c a l i t y  in T, 25 N. the  formation becomes p rog ress ive ly  th inner  
(Oakes, 1952, p, 94), presumably by t ru n c a t io n .  In Pawnee County no one 
exposure was found where the e n t i r e  sec tion  could be measured, but a 
composite s ec t io n  in d ica te s  a th ickness  of about 230 f e e t .
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B igheart sandstone member.
The b asa l  u n i t  of the T a l la n t  is  the Bigheart sandstone. The 
name Bigheart was f i r s t  applied  by Hutchison (1907, p. 89) to a sandstone- 
sha le  sequence exposed near the town of Bigheart (now Barnsdall) in c e n tra l  
Osage County. Subsequent usage has r e s t r i c t e d  the name to  the  basal sand­
s tone member o f  the  sequence. Because of the l e n t i c u l a r i t y  of the beds 
w ith in  th i s  in t e r v a l ,  the re  is  no agreement as to  the upper l im i t  of the 
sandstone body, but the  base i s  well defined (Oakes, 1952, p. 94).
In Pawnee County the  Bigheart i s  a th ic k ,  r e s i s t a n t  bed of f in e -  
to  co a rse -g ra ined  sandstone. I t  i s  massive to  well bedded to  cross-bedded 
and con ta ins  s i l t y  o r  shaly s t r e a k s .  Small sha le  pebbles in the sandstone 
occur lo c a l ly ,  A th ickness  o f  72 f e e t  was measured in  the  so u th -cen tra l  
p o r t io n  of sec . 28, T. 20 N., R. 9 E . , and a t  l e a s t  50 f e e t  o f  Bigheart 
i s  p resen t in  the  escarpment facing  the Arkansas River in the e a s t  h a l f  
o f  sec . 12 o f  the  same township.
Wedges o f  red  and gray sha le  in te r f in g e r  in to  the  massive Big­
h e a r t  sandstone from the  west, r e s u l t in g  in a complex sandstone-shale  
sequence ty p ic a l  o f  the  Bigheart in the  western p a r t  of i t s  outcrop. Two 
p e r s i s t e n t  sandstones in th i s  sequence were mapped and have been designated 
as upper and lower Bigheart (IP tb-u  and P t b - 1 ,  r e sp e c t iv e ly ,  P la te  1).
East of sec . 9 ,  T. 20 N., R. 9 E , , these  sandstones coalesce, forming the 
th ic k ,  unbroken sandstone sec tio n  ty p ic a l  of the Bigheart in the eas te rn  
p o r t io n  o f  i t s  ou tcrop .
Unnamed sh a le  member.
Resting on the  Bigheart member i s  an unnamed shale  sec tion
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approximately 100 f e e t  th ick  c o n s is t in g  of maroon and gray shales and th in  
le n t ic u l a r  beds of l ig h t-c o lo re d  s i l t s t o n e  and f in e -g ra in ed  sandstone,
Revard sandstone member.
Above the unnamed sha le  i s  the Revard sandstone member, which 
was named by Winchester, Heald, and o thers  (1918, p. 61) from exposures 
on Revard Point in the Pawhuska quadrangle of c e n t r a l  Osage County, Okla­
homa. The l im i t s  of the  Revard a re  defined with d i f f i c u l t y  even a t  the 
type lo c a l i ty ;  consequently, the term is  of doubtful accuracy. I t  is  
applied  to  the p e r s i s t e n t  sandstone normally p resen t in  the  upper p a r t  
of the  T a l lan t  formation. However, the  l e n t i c u l a r  na tu re  of upper Missouri 
sandstones makes i t  doubtful th a t  the "Revard” of one lo c a l i t y  i s  the 
exact equ iva len t of the  "Revard" of an adjacent l o c a l i t y  unless the beds 
can be walked out or otherwise continuously  trac ed .
The Revard of Pawnee County i s  a massive to  cross-bedded sand­
stone con ta in ing  th in  lenses of red shale  and white s i l t s t o n e .  I t  is  35 
f e e t  th ick  in the  SE 1/4 sec, 12, T. 20 N,, R, B E . ,  the  only lo c a l i t y  a t  
which the  bed was found fu l ly  exposed.
Unnamed shale  member.
Above the  Revard i s  another unnamed sequence of red shale  con­
ta in in g  th in  l e n t i c u l a r  beds o f  l ig h t-c o lo re d  s i l t s t o n e  and f ine-g ra ined  
sandstone. This sequence has a maximum th ickness o f  35 f e e t  and i s  the 
uppermost u n i t  of the  T a l lan t  formation.
C o rre la t io n  and s t r a t ig r a p h ie  r e la t io n s .  The T a l lan t  formation 
i s  equ ivalen t to  the upper p a r t  of the  Weston shale  of Kansas. I t  l i e s
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conformably upon the  Barnsdàll formation. The top o f  the T a l lan t  i s  the  
top o f  the M issouri s e r ie s  and was subjected  to  e ro s ion  p r io r  to  the depo­
s i t i o n  of the overly ing Cheshewalla sandstone, the  b asa l  u n i t  o f  the Vir­
g i l  s e r ie s  in n o r th -c e n tra l  Oklahoma. In Pawnee County the M issouri- 
V irg i l  unconformity i s  not ev ident from l i th o lo g y  or o th e r  outcrop fe a tu re s .  
A conglomeratic o r  coarse-g ra ined  sandstone which elsewhere marks the 
base of the V irg i l  was sought in vain . The sec tion  appears to  be con­
formable, and Missouri and V irg i l  sediments on e i t h e r  s ide  of the con tac t 
a re  so s im i la r  in appearance th a t  they can be d is t in g u ish e d  only by ca re ­
fu l  t rac in g  of beds on the  ground or on the a e r i a l  photographs. The beds 
in  question  a re  l e n t i c u l a r  and a re  traced  with a d i f f i c u l t y  which is  
augmented by c h a r a c t e r i s t i c a l l y  poor exposures.
The base o f  the f i r s t  mappable sandstone above the  Revard was 
a r b i t r a r i l y  chosen as the  top of the  T a l lan t  form ation. Since i t  i s  not 
c e r t a in  which of the lower V irg i l  sandstones i s  thus developed, i t  i s  un­
c e r ta in  th a t  the con tac t shown on P la te  1 i s  the  t r u e  base of the  V i rg i l .
In any case , the  ques tionab le  s t r a t ig r a p h ie  in te rv a l  i s  r e l a t i v e ly  s h o r t ,  
and the  con tac t on P la te  1 should be a c lose  approximation o f  the con tac t 
as i t  a c tu a l ly  e x i s t s .
I t  w i l l  be noted on P la te  1 th a t  in  sec . 36, T. 21 N., R. 6 E .,  
and in sec. 25, I .  20 N., R. B E . ,  the  Revard sandstone term inates near 
the  M issouri-V irg il  unconformity. This may be the  r e s u l t  of westward 
pinchout or of tru n ca t io n  o f  the  Revard by p re -V irg i l  eros ion . Outcrops 
a t  both of these  l o c a l i t i e s  a re  so poor th a t  the t r u e  re la t io n s h ip s  could 
not be e s ta b l is h e d .
Carl (1957, p. 46) s ta t e d  th a t  the  Revard sandstone or i t s
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equ iva len t in sou theastern  Osage County has probably been removed by p re -  
V irg i l  e ro s io n ,  though no physica l evidence of an unconformity was seen.
He c o r re la te d  the Osage County equ iva len t of the Revard sandstone as 
here in  descr ibed  with the Cheshewalla sandstone o f  northern  Osage County.
The Cheshewalla sandstone o f  th i s  re p o r t  corresponds to  C a r l 's  Kiheki 
sandstone. According to  C a r l 's  c o r r e l a t io n  the M issouri-V irg il boundary 
in  Pawnee County would be a t  the base of the  Revard sandstone of P la te  1, 
o r  approximately 70 f e e t  lower s t r a t ig r a p h ic a l ly  than shown in Fig. 3.
In making th i s  c o r re la t io n ,  Carl had the advantage of continuous su rface  
mapping between h is  map area and the  type sec tio n s  of the lower Vamoosa 
sandstones involved. In Pawnee County exposures o f  th e se  u n i t s  a re  separa­
ted  from t h e i r  type sec tions  by the  flood  p la in  o f  the  Arkansas River, 
and c o r r e l a t i o n  must be e s ta b l ish e d  so le ly  on the  b as is  of in te rv a l  and 
l i th o lo g ie  sequence. C a r l 's  c o r r e l a t i o n  may th e re fo re  be the  more r e l i a b l e .
Paleontology. An impression o f  a p innu la te  l e a f ,  possib ly  a 
seed fe rn  o f  the  genus P ecoo te r is .  was found in the  sandstone f lo a t  near 
th e  base o f  the T a l la n t  formation in  sec . 9 , T. 20 N., R. 9 E. No o the r  
evidence o f  f l o r a  or fauna in  the  formation was seen. Carl (1957, p. 48) 
a l s o  rep o r ted  a paucity  of f o s s i l s  from the  T a l la n t .
V irg i l  S er ies
The V irg i l  sediments o f  Pawnee County a re  t r a n s i t io n a l  between 
the  c y c l ic  d ep o s i ts  of Kansas and the  predominantly non-marine e l a s t i c s  
c h a r a c t e r i s t i c  of c e n t r a l  Oklahoma; however, the V irg i l  s e r ie s  in Pawnee 
County bears  a g r e a te r  s im i la r i ty  to  the Kansas sec t io n  than i t  does to  
th a t  o f  c e n t r a l  Oklahoma in th a t  unconform ities and a sso c ia ted  coarse
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Figure 6 , G eneralized  columnar sec tio n  o f  the rocks of 
the  Douglas -  Shawnee group (lower V irg i l )  in  Pawnee County.
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c l a s t i c  deposits  a re  absent in Pawnee County,
The V irg i l  deposits  o f  Kansas have been divided in to  th ree  
groups: the Douglas, the  Shawnee, and the  Wabaunsee. This subdiv ision
is  app licab le  to the  V irg i l  beds o f  northern  Oklahoma southward to and 
including those o f  Pawnee County (Table 2); although in  Pawnee County the 
con tac t between the  Douglas and the  Shawnee i s  not ev iden t,  and the  groups 
w i l l  be combined in  th i s  re p o r t .
Table 2
Key beds of the V irg i l  s e r ie s  o f  n o r th -c e n tra l  Oklahoma
Permian system
( U n c o n f o r m i t y )
Pennsylvanian system 
V irg i l  s e r ie s
Brownville limestone 
® Grayhorse limestone
6 3  Elroont limestone
m2 Reading limestone
m®* Wakarusa limestone
^  Bird Creek limestone
Turkey Run limestone 
« Lecompton limestone
6 3 Kanwaka shale






°  ( U n c o n f o r m i t y )  
Missouri s e r ie s
Douglas-Shawnee group 
Haworth (1898, p, 93) f i r s t  applied  the  names Douglas and Shaw­
nee as formation names to  lower V irg i l  beds exposed in Douglas and Shaw­
nee Counties, Kansas, Both names have s ince  been ra ise d  to  group s t a tu s .
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The p resen tly  accepted d e f in i t io n  o f  these  groups was made by Moore 
(1932, p. 93).
The Douglas group inc ludes the  beds between the  M issouri-V irg il 
unconformity and the  base of the  Oread limestone; the  Shawnee group extends 
upward from the  base of the Oread limestone to  the top o f  the  Topeka lime­
stone. The top member (Coal Creek) of the  Topeka limestone of Kansas is  
equ ivalen t to  the  Turkey Run lim estone of Oklahoma (Moore, 1937, p, 14),
In Pawnee County n e i th e r  the  Oread limestone nor a recognizable  
c o r r e la t iv e  th e re o f  i s  p resen t; th e re fo re  the Douglas-Shawnee con tac t can­
not be determined, and the two groups have been combined in  c la s s i fy in g  
the  V irg i l ia n  beds o f  the  county. A marked v e r t i c a l  f a c ie s  change w ith in  
th i s  sequence provides a n a tu ra l  p o s i t io n  fo r  a group boundary, but th i s  
change migrates upward in  the se c t io n  toward the south , and as a r e s u l t  
the  po in t of n a tu ra l  d iv is io n  in  the  Pawnee County sec tio n  does not co r re ­
spond to  the p o in t  in  the Kansas sec tio n  on which th e  group boundaries 
were e s ta b l is h e d .  The change i s  one from c o n t in e n ta l ,  d e l t a i c ,  and 
shallow marine e l a s t i c s  to  sub -cyc lic  marine and non-marine sediments and 
rep resen ts  a s h i f t  from an environment dominated by conditions  and events 
in  the source a rea  to  one dominated by conditions and events in  the  depo- 
s i t i o n a l  bas in .  The upward m igration  of th i s  change from the Oread lime­
stone a t  the Kansas-Oklahoma l in e  to  the  Lecompton lim estone in Pawnee 
County r e f l e c t s  p rogress ive  southward encroachment o f  the  o s c i l l a t in g  seas 
which produced the  cyclothems of the  V irg i l  s e r ie s  in Kansas (Moore, 1936, 
1949)and/br p ro g ress iv e  reduction  in the  supply o f  e l a s t i c s  from the  south.
In Pawnee County the  Douglas-Shawnee group i s  composed of two 
form ations, the  Vamoosa below and the  Pawhuska above. The con tac t between
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the  two i s  placed a t  the  base o f  the Lecompton lim estone, co inciding with 
the  above mentioned change in  type of sedim entation.
Vamoosa formation.
D e f in i t io n  and d i s t r i b u t io n .  The name Vamoosa formation was 
o r ig in a l ly  app lied  by Morgan (1924, p. 125) to exposures in T. 6 N. near 
the  v i l l a g e  o f  Vamoosa in  s o u th -c e n tra l  Seminole County, Oklahoma. Ries 
(1954, p. 81) r a is e d  the  lower co n tac t  o f  the formation to  the base o f  the 
lowermost conglomerate in  the  sequence, which presumably co incides with 
the  M issou ri-V irg il  boundary. Work in  Creek County shows the Vamoosa to  
be continuous in to  n o r th -c e n t ra l  Oklahoma, where i t  in te r f in g e r s  w ith the  
c y c l ic  dep o s its  of the  Douglas and lower Shawnee groups of the Kansas 
c l a s s i f i c a t i o n  (M. C. Oakes, 1954, personal communication).
In Pawnee County the Vamoosa formation inc ludes  the sedimentary 
sequence from the  M issou ri-V irg il  unconformity upward to  the  base of the 
Lecompton lim estone . Vamoosa exposures occur mostly in  R. 8 E.
Thickness and c h a ra c te r .  Southward from the  type lo c a l i t y  in  
T. 6 N. the  Vamoosa formation i s  trunca ted  by e ro s ion ,  th inning  from 230
f e e t  to  zero f e e t  a t  a p o in t  in  T. 4 N. th ree  miles north  o f  Ada. The
formation th ickens  from the  type l o c a l i t y  northward to  a maximum of 690 
f e e t  in  Okfuskee County (R ies, 1954, p. 83).
In h is  o r ig in a l  d e s c r ip t io n  o f  the  Vamoosa, Morgan (1924, p. 126)
s ta te d
At the base i s  about 30 f e e t  o f  dark s h a l e . . . . v e r y  probably f o s s i l i -  
fe ro u s .  The main mass o f  the formation i s  above t h i s  sha le  and has
a maximum th ick n ess  of about 230 f e e t .  I t  c o n s is ts  in  la rge  p a r t
o f  c h e r t  c o n g lo m e ra te s . . . .o f  massive, coarse ,  red and brown sandstones, 
and red sh a le s .  The c l a s t i c  m a te r ia l  i s  f in e r  near the top and the  
red c o lo ra t io n  i s  th e re  a lso  le s s  pronounced.
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Ries (1954, p. 61) placed the  b asa l  dark shale  in the  Missouri s e r i e s ,  
r e s t r i c t i n g  the Vamoosa to  the overly ing  coarse e l a s t i c s  and red sh a le s .  
The e l a s t i c s  become f in e r  to  the  n o r th ,  and the  r a t i o  of sand to  shale  
decreases.
In Pawnee County the  Vamoosa formation i s  about 400 fe e t  th ic k .
I t  con ta ins  no conglomerate or coarse  c l a s t i c  beds, and the northward 
decrease  o f  th e  sand-shale  r a t i o  i s  re a d i ly  apparen t.  Many th ic k  sand­
stone members p re sen t  in  the  southern  p a r t  of the county wedge out north ­
ward in  the  width o f  one township. Others can be traced  completely across 
Pawnee County and continue in to  Osage County and southern  Kansas with 
l i t t l e  change in  th ick n ess .  S t i l l  o the rs  th icken  northward from l i t t l e  
o r  no re p re s e n ta t io n  in  Pawnee County to  prominent sandstones in  c e n t r a l  
and northern  Osage County.
Of th e  seve ra l  members o f  the  Vamoosa formation shown in  Table 2 
only th e  Kanwaka sha le  and Wynona sandstone can be p o s i t iv e ly  id e n t i f i e d .  
The Oread lim estone i s  absen t,  and the  sequence below the  Wynona i s  a 
complex in te r f in g e r in g  o f  red  s i l t y  sh a les ,  th in  l ig h t-c o lo re d  s i l t s t o n e s ,  
and l e n t i c u l a r  sandstones (F ig . 7 ) .  Within t h i s  in t e rv a l  a re  as many as 
four sep a ra te  sandstone u n i t s  w ith  ind iv idua l  th icknesses  o f  genera lly  
le s s  than  3 f e e t ,  ranging lo c a l ly  to  8 f e e t .  Among these  sandstones may 
be eq u iv a len ts  o f  the Cheshewalla, Cochahee, and Fourmile, but the e r r a t i c  
development makes c o r r e la t io n  d o u b tfu l .
Cheshewalla sandstone member.
The only one of the  lower V irg i l  sandstones th a t  w i l l  be d i s ­
cussed i s  the  Cheshewalla, which i s  important because i t  forms the base of
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Figure 7. L en ticu la r  s i l t s t o n e  bed in  lower Vamoosa shale  
exposed along north  s ide  of county road in  NE 1/4 sec .  33,
T. 20 N., R. 8 E. This i s  a s t r ik in g  example of the  d i s ­
c o n t in u i ty  o f  beds ty p ic a l  of the upper Missouri and basal 
V irg i l  sedim entation.
Figure 8. Cross bedding in Cheshewalla sandstone along 
north  s ide  of county road in NW 1/4 sec . 34, T. 20 N ., R. 8 E.
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the  V irg il  s e r ie s .  The name Cheshewalla was applied  to  exposures along
Cheshewalla Creek in T. 25 N., R. 10 E ., Osage County, by Winchester,
Heald, and o thers  (1918, p. 61), who defined the bed as
. . . t h e  f i r s t  heavy bed of massive sandstone below the Labadie 
l im e s to n e . . . .T h e  l i th o lo g y  o f  the Cheshewalla sandstone is  
not d i s t i n c t i v e  enough to  permit i t s  id e n t i f i c a t i o n  b y . . .  
l i th o lo g ie  m ean s . , . .T h is  sandstone is  20 to  50 f e e t  th ick  and 
, , , appears as a s in g le  heavy b e d . . .
According to  Oakes (1952, p. 93) the  Cheshewalla c o r re la te s  with the Ton­
ganoxie channel sandstone of the  Kansas sec tio n .  Like the Tonganoxie the
Cheshewalla was la id  down on the  g e n t le  topography produced by erosion
during the Arbuckle d is tu rbance a t  the end of the Missourian epoch.
In Pawnee County the Labadie limestone is  absen t.  The f i r s t
sandstone above the  Revard i s  probably the Cheshewalla, This sandstone
is  f ine-g ra in ed  and cross-bedded, the  same as ad jacen t sandstones (F ig, 8 ) ,
and shows no evidence of disconform ity  nor any increase  in g ra in  s ize
toward i t s  base. N either i s  the  g ra in  s iz e  of the Cheshewalla as a u n i t
la rg e r  than the g ra in  s iz e  of ad jacen t sandstones.
In mapping the Cheshewalla as the base of the  V irg i l  s e r ie s  an
attempt was made to  follow what appears on the a e r i a l  photographs to  be
a s in g le  escarpment, but i t  i s  probable th a t  the con tac t shown on P la te  1
"jumps up and down in the sec tio n "  somewhat with the l a t e r a l  v a r ia t io n
o f  sandstone development. A v e r t i c a l  e r ro r  of more than 50 f e e t  is
un lik e ly  between any two po in ts  on the con tac t,  however, s ince  the t o t a l
th ickness  of the sec tion  between the  Revard and Wynona sandstones i s  only 
about 150 f e e t .
Wynona sandstone member.
The Wvnona sandstone was named fo r  the town of Wynona in T. 24 N .,
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R. 9 E . ,  Osage County, Oklahoma, by Heald and Bowen (1922, p, 195), who 
gave the  following d e sc r ip t io n :
. . . a  massive bed 15 to  125 f e e t  th ick ,  s im i la r  in c h a r a c te r i s t i c s  
to  o the r  sandstones in the Pawhuska q uad rang le . . . .Above the Wynona 
sandstone i s  a bed of red sha le  2 to  10 f e e t  th ick  which term inates 
ab rup tly  below the Oread limestone and is  succeeded by the dark 
f o s s i l i f e r o u s  shales  th a t  accompany th a t  bed. Below the Wynona 
sandstone th e re  i s  a th ic k  s e r ie s  o f  a l te rn a t in g  red shales and 
sandstones.
The Wynona i s  the lowest member of the Vamoosa formation th a t  can 
be id e n t i f i e d  p o s i t iv e ly  in Pawnee County, I t  i s  f in e -  to  medium-grained 
massive to  cross-bedded sandstone, commonly cut by n o r th w es t-s tr ik in g  
v e r t i c a l  j o i n t s .  I t  a t t a i n s  a maximum th ickness  of 15 f e e t .
The Wynona occurs a t  the top o f  the complex 100-foot sha le -sand -  
s tone sequence which makes up the lower p a r t  of the Vamoosa formation.
I t  u n d er l ie s  a th ic k  sequence o f  dark f o s s i l i f e ro u s  sh a le s .  Outcrops 
occur mostly in  the e a s t  p a r t  o f  K. 8 E , , s t r ik in g  north -sou th  in  a b e l t  
up to  4 m iles wide,
Kanwaka sha le  member.
The name Kanwaka was proposed by Adams (Adams, G irty , and White, 
1903, p. 45) f o r  the  100-foot sha le  in te rv a l  between the  Oread and Lecomp­
ton form ations. The sha le  takes i t s  name from Kanwaka township, Douglas 
County, Kansas, where i t  u nderl ies  much of the su r fa c e .  Southward toward 
the  Kansas-Oklahoma l in e  the Elgin sandstone wedges in to  the sec tion  as 
a member w ith in  the Kanwaka in t e r v a l .
The beds l im i t in g  the  Kanwaka formation of Kansas a re  not p resen t 
in  the  Pawnee County se c t io n .  The most sou ther ly  outcrops of the Oread
36
lim estone a re  in  Osage County in T. 23 N. (Gardner, 1956, p, 59), and 
only the top lim estone member o f  the  Lecompton formation extends as f a r  
south as Pawnee County. Hence the  t ru e  Kanwaka as defined in  Kansas can­
not be d e l im i ted .  However, because the  in te rv a l  between the Wynona sand­
stone and t t ^  Lecompton limestone in  Pawnee County conta ins  a un it  l i t h o -  
lo g ic a l iy  s im i la r  to  the  Kanwaka formation o f  southern Kansas and because 
i t  occupies e s s e n t i a l l y  the  same s t r a t ig r a p h ie  p o s i t io n ,  the name Kanwaka 
w i l l  be ap p l ied  to  rocks o f  th a t  in t e r v a l  in th i s  r e p o r t .
The aggregate  th ickness  o f  the  Kanwaka in  Pawnee County i s  about 
265 f e e t .  I t  c o n s is t s  of dark marine sha le  and th ick  d e l t a i c  sandstones, 
which wedge out northward and a re  s t r a t i g r a p h ic a l ly  equ iva len t to  the 
Elg in  sandstone o f  southern Kansas. The shale  i s  bes t  developed in the 
v i c in i t y  o f  Cleveland, where i t  con ta in s  numerous small ironstone con­
c re t io n s  and lo c a l ly  an abundant molluscan fauna (F igs . 9, 10, 13). The 
sh a le  i s  ty p i c a l l y  gray, gray-green , or b lue -g ray , weathering to  b u ff ,  and 
con ta ins  a few th in  s i l t y  beds. In  the  SW 1/4 sec . 24, T. 20 N., R. 8 E ., 
96 f e e t  o f  sh a le  was measured between the  Wynona and the  basal bed of Elgin 
sandstone. To the  south the  sh a le  in t e r v a l  i s  broken by Elgin sandstone 
wedges lower in  th e  sec t io n .
The name Elgin was suggested by Adams and app lied  by Haworth 
(1698, p. 64) to  sandstone beds occurring  w ith in  the Kanwaka sha le  near 
the  town o f Elgin in  southern Kansas. In the  type area  the  Elgin i s  140 
f e e t  th ic k  and c o n s is ts  o f  two sandstone members separated  by shaly  sand­
s tone . In Pawnee (bounty the  Elgin c o n s is t s  of four sandstone beds and 
numerous sandstone lenses  w ith in  the  Kanwaka, These sandstones have been 
designated  on P la te  1 by number, P v e l  being the  o ld e s t  and P v e4  the
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Figure 9. Kanwaka shale  capped by Elgin sandstone in  
west wall of sha le  quarry in  SE 1/4 sec .  18, T. 21 N,, R. B E , ,  
southwest of Cleveland, Eighty f e e t  of b lue-gray  sha le  is  
exposed beneath the E lgin ,
Figure 10, Kanwaka sha le  exposed along Oklahoma Hwy, 99 
on north  s id e  of Arkansas River, sec , 4, T. 21 N,, R. 8 E., 
Osage County, V e r t ic a l  displacement of r e s i s t a n t  beds on 
r ig h t  i s  probably a small f a u l t .
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youngest. Only IPve2 i s  continuous across the county. The o ther  th ree  
sandstones a re  well developed along the  Pawnee-Creek county l i n e  but wedge 
out northward. L i th o lo g ica l ly  the  beds and lenses a re  in d is t in g u ish ab le  
from each o the r  or from the o th e r  Vamoosa sandstones. They a re  medium-to 
f in e -g ra in ed ,  massive to  cross-bedded, and in  some exposures jo in te d  and 
r ip p le  marked. Contorted bedding occurs lo c a l ly  in  lPve2 (F igs . 11, 12).
Exposures o f  P v e l ,  the lowermost Elgin sandstone, are  r e s t r i c t e d  
to  the c e n t r a l  and southern po r t io n s  of T. 20 N., R. 8 E. I t  i s  the  le a s t  
extensive but the th ic k e s t  of the Elgin sandstones. An unbroken sec tion  
35 f e e t  th ic k  was measured in the  NE 1/4 sec. 17, where the base of the 
sandstone i s  not exposed. The u n i t  th in s  eastward to  20 f e e t  in  sec . 22. 
Rapid pinchout northward, apparen tly  combined with fa u l t in g ,  r e s u l t s  in 
the d isappearance o f  P v e l  in the  NE 1/4 sec. 15. North of th i s  po in t the 
lower 100 f e e t  o f  Kanwaka c o n s is ts  e n t i r e ly  of sha le .
The second Elgin sandstone, P v e 2 ,  occurs 15 to  45 fe e t  above 
IPvel, separa ted  from i t  by gray sh a le ,  P v e 2  i s  the most ex tensive  Elgin 
u n i t ,  extending northward from Greek County across Pawnee and Osage 
Counties to  the  type lo c a l i t y  of the  Elgin in  southern Kansas (Beckwith, 
1930, p. 225). In Pawnee County the  th ickness ranges from 35 f e e t  in  
sec. 22, T. 20 N., R. 8 E .,  to  12 f e e t  in  sec. 17, T. 21 N., R. 8 E.
In the  northern  p a r t  of the outcrop P  ve2 co n s is ts  of severa l d i s t i n c t  
sandstones in terbedded with sh a le .  The sandstones a re  l e n t i c u l a r ,  and i t  
i s  doubtful th a t  any one o f  them is  continuous over a wide a rea .  P v e 2  
should probably be considered as a zone o f  l e n t i c u l a r  sand bodies r a th e r  
than as a s in g le  continuous bed.
Although P v e 3  appears on the a e r i a l  photographs as a separa te
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Figure 11, Contorted bedding in  Elgin sandstone (P v e 2 )  
capping sha le  in  quarry  shown in Fig. 9 .
f i g u r e  12. Contorted bedding in  boulder of Elgin sand­
s tone  on f lo o r  of sha le  quarry  shown in F ig . 9.
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and d i s t i n c t  u n i t ,  i t  i s  probably no more than the top member of the F v e2  
zone of l e n t i c u l a r  sandstones. Locally  P v eS  i s  separated  from the main 
bed of P v e 2  by as much as 20 f e e t  of sh a le ,  but g en era lly  the in te rv a l  
between the  two beds con ta ins  one or more sandstone lenses severa l f e e t  in 
th ick n ess .  P v e 3  can be tra c e d  northward from Creek County to  sec , 19,
T, 20 N,, P.. 8 E , , where i t  becomes in d i s t in c t  and d isappears .  A mile 
f a r th e r  no r th ,  where the Elgin forms the  p rec ip i to u s  south bank o f  the 
Arkansas River, only one th ic k  massive bed of sandstone is  p re sen t .
Overlying F v e 3  is  a sequence approximately 100 f e e t  th ick  com­
posed predominantly of gray s h a le .  In the southern p a r t  of the outcrop 
sev e ra l  sandstone lenses  occur w ith in  t h i s  sha le  in t e r v a l .  One of these, 
P v e 4 ,  a t t a i n s  a th ickness  o f  more than 15 f e e t  and is  r e s i s t a n t  and con­
tinuous enough to  be mapped. Outcrops o f  th i s  bed extend northward from 
Greek County, forming a prominent e a s t - f a c in g  escarpment in the no rtheast 
p a r t  of T. 20 N., R. 7 E. P v e 4  i s  separa ted  from the  overlying Lecompton 
member of the  Pawhuska formation by 15 to  20 f e e t  of sha le ,  genera lly  red.
In secs .  1 and 2 o f  T. 20 N., R. 7 E ., P v e 4  th in s  and d isappears .  
North of t h i s  p o in t  the  in te r v a l  between P v e 3  and the base of the  Pawhuska 
formation i s  about 100 f e e t  and th e  rocks c o n s is t  e n t i r e ly  of shale  and 
th i n  len ses  o f  s i l t s t o n e .
D eta i led  measurements o f  re p re s e n ta t iv e  s t r a t ig r a p h ie  sequences 
in  the  Vamoosa formation may be found in Appendix D, sec tions  32 to  37, 
in c lu s iv e .
C o rre la t io n  and s t r a t ig r a p h ie  r e l a t io n s .  The predominantly 
arenaceous beds o f  the  Vamoosa formation o f  Pawnee County and c e n t ra l  
Oklahoma grade northward in to  th e  c y c l ic  depos its  of the Douglas and lower
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Shawnee groups of the Kansas se c t io n .  The Vamoosa l i e s  with s l ig h t  
an g u la r i ty  on the T allan t formation o f  Missouri age, though no evidence of 
unconformity was seen a t  th i s  con tac t in  Pawnee County. The Vamoosa is  
over la in  conformably by the sub-cyc lic  beds of the  Pawhuska formation.
Paleontology. The Vamoosa formation i s  the  o ld e s t  formation in 
the area in  which a faunule was found. An abundant molluscan faunule was 
c o l le c te d  in  an abandoned quarry in  the  Kanwaka sha le  In the SE 1/4 sec. 
17, T. 21 N., R. 8 E .,  southwest of Cleveland, The f o s s i l s  occur as iron ­
stone c a s ts  and molds and in  irons tone  concre tions ,  which have been 
concentrated  on the  f lo o r  o f  the  quarry by weathering and erosion of the 
th ick  sec tion  of gray sha le  between the  Wynona sandstone and P v e 2  (F ig , 
13). Although t h i s  sha le  probably con ta ins  a marine fauna throughout 
the  a rea ,  f o s s i l s  a re  apparen tly  sparse  except fo r  occasional pockets, so 
th a t  some means o f  secondary concen tra tion  i s  necessary  before they be­
come ev iden t.  Other Kanwaka exposures were examined fo r  f o s s i l s  without 
success, but R ussell (1955, p. 15) and Shannon (1954, p. 19) reported  
r ic h  molluscan faunas from Kanwaka exposures in  Osage County.
The following f o s s i l s  were c o l le c te d  from the  Kanwaka sha le  




u n id e n t i f i a b le  fragments
Brachiopoda
C ru r i th y r is  planoconvexa (Shuraard)
Ju resan ia  sp.
Lingula carbonaria  Swallow 
Linoproductus sp.
"M arginifera" sp.
N eo sp ir ife r  sp.
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Figure 13. Ironstone concre tions  concen tra ted  on 
f lo o r  o f  quarry  in  Kanwaka shale  shown in F ig , 9 ,
An abundant molluscan fauna occurs w ith t h i s  concen­
t r a t e d  m a te r ia l .
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O rbiculoidea m issou riens is  (Shuraard)
Bryozoa
encrus ting  forms 




A s t a r t e l l a  concen tr ica  McChesney 
Aviculopinna americana Meek 
Edmondia ovata Meek and Worthen 
Myalina sp.
Nucula sp.
Yoldia g lab ra  Beede and Rogers
Gastropoda
Araphiscapha c a t i l l o i d e  (Conrad)
Cymatospira raontfortiana (Norwood and P ra tten )  
Euphemites carbonarius  (Cox)
Glabrocingulum g ra y v i l le n se  (Norwood and P ra tten )  
Pharkidonotus p e rc a r in a tu s  Conrad 
Phyraatopleura b razoensis  (Shuraard)




G as tr io ce ras  excelsura (Meek)
Mooreoceras tuba (G irty )
Pseudorthoceras knoxense (McChesney)
Conularidae
Paraconu la r ia  c ru s tu la  (White)
Chondrichthyes 
Deltodus sp.
Pawhuska fo rm ation .
D e f in i t io n  and d i s t r i b u t i o n .  The name Pawhuska^ limestone was 
f i r s t  app lied  in  1892 to  exposures in  a limestone quarry 3 miles northwest 
o f  the town o f  Pawhuska in Osage County, Oklahoma, by H. C. Hoover in an 
unpublished re p o r t  o f  the  Arkansas Geological Survey (Smith, 1894, p. 199).
^Hoover and Smith sp e l le d  the  name "Pawhuski" a f t e r  the  former 
s p e l l in g  o f  the  name o f  the  town.
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Heald (1918, p. 66) ra is e d  the term to  formation rank. I t  has been 
va r ious ly  def ined  s ince  then, but recen t  usage has placed the bottom and 
top o f  the  formation a t  the  base o f  the  Lecompton limestone and the top of 
the  Turkey Run lim estone, r e s p e c t iv e ly  (C.C, Branson, 1954, personal 
communication).
The Pawhuska formation can presumably be traced  from the  Kansas- 
Oklahoma l i n e  southward in to  Creek County, where one o r  both of the bound­
ing lim estones pinches ou t .  As w i l l  be pointed out (p. 53), however, the  
e x te n t ,  c o r r e l a t i o n ,  and even the  s ta tu s  of the Pawhuska formation i s  open 
to  ques tion .
In Pawnee County, except fo r  th ree  o u t l i e r s  in  R. B E . ,  exposures 
o f  the Pawhuska formation occur in  a north -sou th  b e l t  which c rosses  the 
county in  R. 7 E.
Thickness and c h a ra c te r .  In Kansas and northern  Osage County, 
Oklahoma, the  in t e r v a l  occupied by the  Pawhuska formation con ta ins  as 
many as 12 lim estones separa ted  by shale  and a few th in  coals  and sand­
s tones .  The lim estones  and coa ls  th in  and pinch out southward, and the 
percentage o f  sandstone in  the s e c t io n  in c reases .  Only the  Turkey Run and 
Lecompton lim estones , which d e l im it  the  formation, extend as f a r  south 
as  Pawnee County.
The Pawhuska th ickens southward from about 150 f e e t  in  northern  
Osage County and Kansas (C a r te r ,  1954, PI. 2; Moore, 1949, f ig .  29) to 
210 f e e t  in  c e n t r a l  Osage County (Shannon, 1954, p. 24). F a r th e r  south 
in  Osage County R ussell (1955, p. 21) reported  only 100 f e e t  o f  Pawhuska.
In Pawnee County the  th ickness  of the Pawhuska formation ranges 
from 96 f e e t  in  the  north to  about 56 f e e t  in the  south . The lo ss  o f
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sec tion  across the  county seems to  be mainly the r e s u l t  of th inning  in 
the  upper p a r t  of the sandstone-shale  in te rv a l  between the Lecompton and 
Turkey Run lim estones. No evidence of unconformity was found w ithin  the 
formation.
Lecompton limestone member.
The Lecompton limestone i s  the  lowermost limestone bed in  the
surface  sec tio n  o f  Pawnee County. I t  takes i t s  name from the Lecompton
formation of Kansas, which was o r ig in a l ly  described by Haworth (1895,
p. 278) a t  Lecompton, Douglas County, Kansas. As p re sen t ly  defined , the
Lecompton formation o f  Kansas
. . . i n c lu d e s  four c lo se ly  a sso c ia ted  lim estones, which with the 
included sha les  have a t o t a l  th i c k n e s s . . . o f  35 to  40 f e e t .  The 
formation i s  underla in  by the  Kanwaka shale  and ov er la in  by the 
Tecumseh sha le .  (Moore, 1949, p. 152)
According to  Moore (idem, p. 126), the  Lecompton limestone of northern
Oklahoma i s  equ iva len t to  the top two limestone beds of the Lecompton
formation in  Kansas.
In Pawnee County the th ickness  o f  the  Lecompton averages about 
10 f e e t ,  ranging from 7 ,5  f e e t  to  a doubtful 18 f e e t .  I t  c o n s is ts  of 
s evera l th in  beds of f o s s i l i f e ro u s  limestone, f laggy in the upper p a r t ,  
and interbedded s h a le .  In  the  well exposed s e c t io n  along U.S. Highway 64 
in  the  NW 1/4 sec . 23, T. 21 N., R. 7 E . , the Lecompton i s  10 f e e t  th ic k ,  
3 .5  f e e t  of which i s  sha le  (Fig. 14). The limestone i s  dark-gray to  gray- 
brown, dense, c ry p to c ry s ta l l in e  to  f in e ly  c r y s t a l l i n e ,  and more than 90 
percen t so lub le  in hydrochloric  ac id ,  the  res idue  being mostly clay  
(Appendix A). F o ss i ls  a re  lo c a l ly  abundant, both in  the  shale  and in  the 
limestone, on which they weather out in  r e l i e f .  About 1 ,5  fe e t  above the
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Figure 14. Lecompton limestone exposed on north 
s id e  of U.S. Hwy. 64 about 6 miles west o f  Cleveland 
in  NW 1/4 sec . 23, T. 21 N., R. 7 E. Thin r e s i s t a n t  
bed a t  top of s ec t io n  i s  a coqu in ite  composed of 
T r i t i c i t e s .
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main body o f  limestone i s  a th in  fu su l in id  coqu in ite  which occurs a t  the  
top of the Lecompton sec tion  a l l  across the  county.
Algal lim estone lenses  having a conglomeratic appearance and 
composed la rg e ly  o f  p e l l e t s  up to  0,25 inches in  diameter are  assoc ia ted  
with the  Lecompton a t  two l o c a l i t i e s .  Remnants of a small a lg a l  limestone 
lense  cap an o u t l i e r  in the  NE 1/4 sec . 14, T. 20 N., R. 7 E. This lense 
i s  apparen tly  s t r a t i g r a p h ic a l ly  lower than the main body of Lecompton 
exposed in  the la rg e r  o u t l i e r  immediately to  the southwest. A s im ila r  
a lg a l  bed occurs w ith in  the  main body of the Lecompton where i t  is  exposed 
along the road on the  north  border of sec. 36, T. 20 N., R. 7 E,
Twelve f e e t  above the  Lecompton on the  south slope of the o u t l i e r  
in  sec . 6, T. 20 N., R. 8 E . ,  i s  a small r e e f - l i k e  mass of white coarse ly  
c r y s t a l l i n e  porous limestone con ta in ing  an abundance of gastropod remains. 
The carbonate body a t t a i n s  a maximum th ickness  of 12 f e e t .  I t  pinches 
out about 50 f e e t  e a s t  o f  i t s  th ic k e s t  po in t and i s  trunca ted  on the west 
by the small f a u l t  which borders the  o u t l i e r .  Leaching along f ra c tu re s  
near the  f a u l t  rev ea ls  a high percentage o f  f in e -g ra in e d  q uartz  sand in 
the  limestone.
F o s s i l s  c o l le c te d  from the Lecompton limestone and interbedded 
sha les  in  the  NW 1/4 sec .  23, T, 21 N., R. 7 E , ,  inc lude:
Protozoa




u n id e n t i f i a b le  fragments
Brachiopoda
Chonetes q ra n u l i f e r  Uwen
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C honetine lla  (?) sp.
Cumposita s u b t i l i t a  (H ail)
Condrathyris  perplexa (McChesney)




’’M argin ifera"  sp.
N eo sp ir i fe r  sp.
Bryozoa
Rhorabopora lepidodendroides Meek 
Tabulipora sp, 
enc ru s tin g  forms 
ta b u la r  ramose forms 
ramose forms
Pelecypoda
A s t a r t e l l a  sp.
Cephalopoda
Pseudorthoceras knoxense (McChesney)
T r i lo b i t a
Ameura (?) sp.
In the  NE corner sec . 26, T. 21 N., R. 7 E .,  the co ra ls  Caninia
to ro u ia  (Owen) and Svringopora sp. occur in profusion .
Lying between the  Lecompton and Turkey Run limestones i s  a non- 
f o s s i l i f e r o u s  sha le-sandstone  sequence ranging in  th ickness from 77 f e e t  
in  the  northern  p a r t  o f  the county to  44 f e e t  in  the  southern p a r t .  This 
sequence i s  as much as 147 f e e t  th ic k  in northern  Osage County (C arte r ,  
1954, PI. 2 ) ,  where i t  conta ins  th e  Plunaner, Deer Creek, L i t t l e  Hominy, 
and Pearsonia lim estone members. None of these  limestones extends south­
ward as f a r  as Pawnee County.
Immediately above the Lecompton i s  10 to  15 f e e t  of gray s i l t y  
sha le  which i s  o v e r la in  by a massive f in e -g ra in ed  sandstone, lo c a l ly  
jo in te d ,  about 25 f e e t  th ic k .  The sandstone i s  a prominent scarp-former
and caps the  h i l l  or forms a r id g e  above almost every exposure of
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Lecompton, Immediately above the  massive sandstone i s  a sequence of 
th ick  cross-bedded sandstones and interbedded red and gray sha les .  The 
th ickness and composition o f  th i s  sequence v a r ie s  considerably  from place 
to  place throughout the a rea .  I t  is  over la in  by the Turkey Run limestone,
Turkey Run limestone member.
The name Turkey Run limestone was f i r s t  applied  to  exposures a t
the head of Turkey Run in  T, 24 N,, R, 8 E ,, Osage County, Oklahoma, by
Heald and Mather (1919, p. 153), who described the bed as
. . . a  dark-gray limestone, 1 to  3 f e e t  th ic k  This limestone i s
f in e  g ra ined , th in  bedded, hard, and b r i t t l e  and weathers in to  
smoothly rounded s l a b s . . . .T h e  weathered su rface  i s  genera lly  l ig h t  
g ra y . . . .O n  f re sh  f r a c tu re  the  c o lo r  i s  a much darker b lu ish  gray, 
a t  some l o c a l i t i e s  almost black.
According to  Moore (1949, p. 126), the  Turkey Run i s  equivalen t to  the  
Coal Creek limestone, which in  Kansas c o n s t i tu te s  the uppermost u n it  of 
both the Topeka formation and the  Shawnee group.
In Pawnee County the Turkey Run limestone i s  a s in g le  bed of
dense gray fo s s i l i f e ro u s  limestone having subconchoidal f r a c tu r e  arid 
lo c a l ly  well developed v e r t i c a l  j o i n t s  s t r ik in g  northwest (F igs .  15, 16). 
I t  weathers ra p id ly  to  l i g h t  brown. The bed i s  a c a l c i l u t i t e  and contains 
abundant c r in o id  d e b r is ,  severa l  spec ies  o f  brachiopods, and in the middle 
p a r t ,  a zone of T r i t i c i t e s .  In sev e ra l  exposures the Turkey Run has been 
a l te r e d  to  a hard c r y s t a l l i n e  l ig h t-g ra y  dolomite conta in ing  a few small 
so lu tio n  channels. Where the rock has been thus dolom itized, i t  weathers
to  a ru s ty  brown and e x h ib i ts  l i t t l e  evidence of f o s s i l  con ten t.
The Turkey Run i s  a r e l a t i v e ly  pure carbonate , being approxi­
mately 95 percent so lub le  in hydrochloric  ac id . The in so lub le  components
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Figure 15. V e r t ic a l  jo in t in g  in Turkey Run limestone 
exposed in  NW 1/4 sec. 35, I .  21 N., R. 7 E. J o in ts  s t r i k e  
northwest.
Figure 16. Solu tion  along j o i n t s  in the Turkey Run lime­
stone exposed in the  bed of H ellroa ring  Creek j u s t  e a s t  of the 
f a u l t  in  SE 1/4 sec. 6, T. 21 N., R. 7 E ., looking sou theas t .
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c o n s is t  mostly of c lay  (Appendix A).
The th ickness  of the Turkey Run ranges from 3 f e e t  in the NW 1/4 
sec . 23, T. 21 N., R. 7 E .,  (F ig . 17) to  1,5 fe e t  elsewhere in the county.
A th in  bed of l i g n i t i c  coal is  exposed j u s t  below the Turkey Run 
limestone a t  two l o c a l i t i e s  (Appendix D, sec tions  30 and 31). In the 
NW 1/4 sec. 23, T. 21 N., R. 7 E .,  inmediately underlying the limestone, 
a re  6 inches of th in ly  laminated shaly l i g n i t e  underla in  by a gray clayey 
shale  which may be an underclay (Fig. 17). In the e a s t  bank of the creek 
in the SE 1/4 sec . 29, T. 21 N., R 7 E., a seam of l i g n i t e  one inch th ick  
i s  exposed one foo t below the base of the Turkey Run limestone. This 
l i g n i t e  l i e s  on gray sha le  and i s  separated  from the  Turkey Run by one 
foo t o f  dark-gray carbonaceous sha le .  Russell (1955, p. 37) reported  two 
occurrences o f  coal j u s t  below the  Turkey Run in southern Osage County, 
in d ic a t in g  th a t  the  bed has more than lo c a l  d i s t r i b u t io n .
Although the Turkey Run contains an abundant fauna, i t  i s  genera­
l l y  so well embedded in  the  limestone th a t  c o l le c t io n  and id e n t i f i c a t io n  
i s  not p o ss ib le .  In ad d i t io n  to  T r i t i c i t e s .  which abounds in  the lower 
p a r t  of the lim estone , a few specimens of Chonetes and N eosp ir ife r  may 
be seen in most exposures. A r ic h  fauna occurs lo c a l ly  immediately 
above the  Turkey Run limestone in  the  lower p a r t  of the  Severy sha le .
This fauna i s  l i s t e d  on page 58.
D eta iled  measurements of rep re se n ta t iv e  s t r a t ig r a p h ie  sequences 
in the  Pawhuska formation are  tabu la ted  in Appendix D, sec tions  30 to 33, 
in c lu s iv e .
C o rre la t io n  and s t r a t ig r a p h ie  r e la t io n s .  The Pawhuska formation 
i s  g en e ra lly  thought to  be equ ivalen t to  the  sec tion  in  Kansas from the
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Figure 17. Turkey Run lim estone, with underlying l i g n i t e  
(above and to  l e f t  of hamner), exposed in NW 1/4 sec. 23,
T. 21 N., R. 7 E. This i s  the  maximum development of 
Turkey Run in  the  a rea .  An abundant fauna was c o l le c te d  from 
the  Severy sha le  immediately above the limestone a t  th i s  
lo c a l i t y .
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middle of the  Lecompton formation to  the  top of the  Topeka formation. No 
question  has a r isen  on the c o r re la t io n  of the lower l im i t ,  but recen t work 
in  Osage County has c a s t  doubt on the v a l id i t y  of the upper c o r r e l a t io n .  
According to  Shannon (1954, p. 48) and C arte r  (1954, p. 43), the Turkey 
Run limestone in northern  Osage County i s  so weak th a t  i t  cannot be mapped; 
th e re fo re ,  Moore's c o r re la t io n  of the  Turkey Run with the  Coal Creek lime­
stone (1949, p. 126) may be erroneous.
South o f  Pawnee County the Lecompton limestone member of the 
formation i s  thought to  be equ ivalen t to  the  "Pawhuska” formation of 
Okfuskee County (R ies, 1954, p. 84) which grades in to  the  basa l p a r t  of 
the  Ada formation o f  c e n t ra l  Oklahoma (Green, 1936, p. 1459), An a l t e r n a t e  
theo ry  put fo r th  by Tanner (1956, p . 102 ) p o s tu la te s  th a t  the  "Pawhuska" 
i s  overlapped southward by the  Ada formation in  western Okfuskee County.
Recent work in  Creek and Lincoln Counties has c a s t  doubt on a l l  
th e se  c o r r e la t io n s .  K.E. Masters (1955, personal communication) i s  o f  the 
opinion th a t  the "Pawhuska" formation o f  Okfuskee County i s  a c tu a l ly  the  
southward ex tension  o f  the Bird Creek limestone o f  the  Wabaunsee group.
The base o f  the "Pawhuska" formation defines  the  top o f  the  Vamoosa 
formation (R ies, 1954, p. 80). I f  the "Pawhuska" formation of Okfuskee 
County i s  in  r e a l i t y  Bird Creek, the  Vamoosa formation extends upward in to  
the  Wabaunsee group to  the  base of the Bird Creek limestone and con ta ins  
the  Pawhuska formation o f  Pawnee County, I f  such be the case, i t  i s  
ev ident th a t  a d i f f i c u l t  problem of subd iv is ion  and c l a s s i f i c a t i o n  i s  
posed. The s o lu t io n  to  the c o r r e la t io n  should be provided by M.C. Oakes 
in  conjunction with h is  cu rren t  work on the geology of Creek County.
The Pawhuska limestone r e s t s  conformably on the  Kanwaka sh a le  of
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the  Vamoosa formation and i s  o v e r la in  conformably by the  Severy sha le  of 
the  Wabaunsee group,
Wabaunsee group 
The Wabaunsee group is  the  uppermost group of the  V irg i l ia n  
s e r i e s .  I t s  top boundary co inc ides  with the boundary between the 
Pennsylvanian and Permian beds in the  Mid-Continent reg ion .
The name Wabaunsee was in troduced by Prosser (1895, p. 686) fo r  
a formation of sedimentary rocks in Wabaunsee County, Kansas. Moore 
(1932, p. 94) ra is e d  the Wabaunsee formation to  group rank, l im it in g  the  
group to  those  beds between the  Topeka and Americus lim estones. Following 
the proposal by Moore and Moss (1933, p. 100) to  lower the Pennsylvanian- 
Permian con tac t to  the  top of the  Brownville lim estone, Condra (1935, p. 9) 
r e s t r i c t e d  the  Wabaunsee group accord ing ly . C urrently  the group includes 
those beds upward from the top o f  the  Topeka (Turkey Run) limestone to  the  
top o f  the Brownville limestone (F ig . 18).
In Kansas the  Wabaunsee depos its  a re  c y c l ic  and s im i la r  to  
those of the  underly ing  Shawnee group. Southward these  depos its  lo se  much 
o f  t h e i r  c y c l ic  c h a ra c te r ,  and although a l te r n a t in g  marine and nonmarine 
beds are  p resen t in  the  Pawnee County se c t io n ,  the  rhythmic p a t te rn  o f  
c y c l ic  depos it ion  i s  obscure.
The key beds of the Wabaunsee group in  Pawnee County (Table 2, 
p. 29) are  t r a c e a b le  northward in to  Kansas, and the names of these  beds 
a re  g en era lly  taken from the Kansas s e c t io n .  When i t  comes to  naming the  
shale-sandstone  sequences between th e  key limestones of Pawnee County, 
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Figure 18* Generalized columnar sec t io n  of the rocks 
of the  Wabaunsee group (upper V irg il )  in Pawnee County.
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the  limestones on which subd iv is ion  of the  Kansas sec tio n  i s  based pinch 
out southward; hence the  beds between any two key u n i t s  of Pawnee County 
may rep resen t  s ev e ra l  form ations in  the Kansas se c t io n ,  Moore (1936, 
p, 206) suggested th a t  t h i s  s i t u a t i o n  be d e a l t  with by applying hyphenated 
names in  a rea s  where missing key u n i t s  make the s tandard Kansas sec tio n  
in a p p lica b le .  Thus a s ec t io n  r e p re s e n ta t iv e  of the  A, B, C, D, & E, 
formations in  which the  key beds B and D are  absent would be re fe r r e d  to 
as  A-E sha le  o r  the  A-E sha le  form ation.
Branson (1956) provided an a l t e r n a t e  so lu t io n  to  the  problem 
by g iv ing  names to  each of the  sha le-sandstone  u n i t s  between the most 
ex tens ive  lim estones o f  the  upper Pennsylvanian and lower Permian sec tion  
in  n o r th -c e n t r a l  Oklahoma. The s t r a t i g r a p h ie  sequence to  which each name 
a p p l ie s  becomes p ro g re ss iv e ly  g r e a te r  southward as recognizable  Kansas 
u n i t s  d isappear from the  s e c t io n ,  Branson 's  rev ised  nomenclature has been 
used in  the  c l a s s i f i c a t i o n  o f  the  upper Pennsylvanian and lower Permian 
rock u n i t s  o f  t h i s  r e p o r t .
Wabaunsee outcrops cover most o f  the  c e n t r a l  po r t io n  o f  Pawnee 
County, forming a b e l t  up to  8 m iles wide th a t  s t r ik e s  north -sou th  across 
the  county in  Rs. 6 and 7 E.
Except f o r  minor in d is t in g u is h a b le  periods of emergence between 
d e p o s i t io n a l  c y c le s ,  sedim entation  was continuous in  the  Pawnee County 
a rea  during Wabaunsee time and the  rock u n i t s  which c o n s t i tu te  the group 
form an e s s e n t i a l l y  conformable sequence. Southward from Pawnee County 
the  su b -cy c lic  Wabaunsee beds grade in to  the  c l a s t i c  d ep o s its  of the  Vanoss 
formation o f  c e n t r a l  and s o u th -c e n t r a l  Oklahoma (O ott, 1941, p, 1671),
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Sgyery. S&ai&.
D efin it io n  and d i s t r i b u t io n .  The name Severy was proposed in  
f i e l d  notes by G. I .  Adams fo r  the  sha le  below the Howard limestone near 
Severy, Greenwood County, Kansas (Haworth, 1898, p. 67). Moore (1936, 
p. 203) redefined  the  Severy as the basal formation of the Wabaunsee group, 
including the sec tio n  between the  top limestone of the Topeka formation 
and the bottom limestone o f  the  Howard formation. Moore (1932, p. 94) 
a lso  introduced the name Aarde fo r  the shale  s ec t io n  between the lower 
and middle limestone members (Bachelor Greek and Church lim estones, respec­
t iv e ly )  of the Howard formation and suggested (1936, p. 206) th a t  where 
the  basal limestone i s  missing, the r e s u l t in g  sha le  s ec tio n  should be 
c a l le d  the  Severy-Aarde sha le .
The lowermost s t r a t ig r a p h ie  u n i t  of the  Wabaunsee group in  
Pawnee County i s  the  shale-sandstone sec tio n  between the Turkey Run and 
Bird Creek lim estones. Branson (1956, p. 122) app lied  the  name Severy 
sha le  to  th is  u n i t  in  n o r th -c e n tra l  Oklahoma. Inasmuch as the Bird Creek 
i s  equ iva len t to  the  Church limestone member o f  the Howard formation 
(Moore, 1949, p. 166), i t  i s  ev iden t th a t  the  Severy sha le  of Pawnee 
County i s  equ iva len t to  the  Severy-Aarde sha le  o f  Kansas. The Severy can 
be traced  southward from Kansas in to  southern Creek and Lincoln Counties, 
Oklahoma, where one or both o f  th e  l im it in g  lim estones pinch out (see 
d iscuss ion  on p. 53).
Thickness and c h a ra c te r .  In Kansas the  Severy sha le  ranges from 
70 to  80 f e e t  in  th ickness  and c o n s is t s  of sandy sha le  and even-bedded 
sandstone. The Aarde i s  a lso  a sandy sha le ,  ranging in th ickness from 3 
to  10 f e e t  and con ta in ing  the p e r s i s t e n t  Nodaway coal (Moore, 1949,
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p. 171-172), The Severy-Aarde s e c t io n  th in s  southward across Osage 
County, Oklahoma.
In Pawnee County the sec t io n  th in s  from about 40 f e e t  in the 
northern p a r t  o f  the county to  27 f e e t  near the  south county l in e .  At 
the  base i s  a gray marine sha le ,  the  bottom 2 f e e t  o f  which i s  marly and 
lo c a l ly  f o s s i l i f e r o u s .  Overlying the  shale  i s  a cross-bedded sandstone, 
probably d e l t a i c ,  interbedded with th in  gray sh a le s .  The sandstone grades 
upward in to  red s i l t y  sha le  and f i n a l l y ,  immediately underlying the Bird 
Creek, in to  l ig h t -g ra y  sha le ,  lo c a l ly  carbonaceous and clayey. The 
Nodaway coal i s  absen t.
Under the  Bird Creek o u t l i e r  in  the SE 1/4 sec . 28, T. 20 N.,
R. 7 E .,  remnants of a th in  lense  of a lg a l  limestone were noted along the 
west s ide  o f  the  s e c t io n - l in e  road about 0 .1 mile north  o f  the sec tio n  
corner.  This lense  i s  lo ca l  and occurs approximately 10 f e e t  s t r a t i ­
g rap h ic a l ly  below a Bird Creek exposure about 100 yards to  the west. A 
s im i la r  lense  was found in  a s a l t  wash in  the SE corner sec. 16, T. 20 N., 
R. 7 E .,  j u s t  below the p o s tu la ted  p o s i t io n  o f  the Bird Creek outcrop.
These lenses  have the same conglomeratic appearance as the a lg a l  limestones 
found in  and below the  Lecompton lim estone f a r th e r  e a s t  (p. 47).
Paleontology. A r ic h  faunule occurs in  the  marly gray po r t io n  
o f  the  Severy sha le  im e d la t e ly  above the  Turkey Run limestone in  the 
NW 1/4 sec . 23, T. 21 N., R. 7 E. The following f o s s i l s  were c o l le c te d  
and id e n t i f i e d  from th i s  lo c a l i t y :
Protozoa





u n id e n t i f i a b le  fragments
Echinoidea
p la te s  and spines
Brachiopoda
A ntiquatonia  sp.
Chonetes g ra n u l i f e r  Owen 
C le io th y r id in a  perplexa (McChesney) 
C ru r i th y r is  planoconvexa (Shumard)
Derbyia sp,
Hustedia mormoni (Marcou)
Ju re san ia  nebrascensis  (Owen)
"M arginifera" sp.
N eo sp ir ife r  dunbari King 
P u n c to s p ir i fe r  kentuckyensis (Shumard)
Bryozoa
Bhombopora lepidodendroides Meek 
Tabulipora sp. 
f e n e s t r a t e  forms
Gastropoda




Peta lodus d e s t ru c to r  (Newberry and Worthen)
Msà. Gre&k l im es tone .
D e f in i t io n  and d i s t r i b u t io n .  The name Bird Creek limestone was 
ap p l ied  by Heald (1919, p. 216) to  exposures along Bird Creek in  T. 27 N., 
R. B E . ,  Osage County, Oklahoma, where i t  c o n s is ts  o f  about 2 f e e t  o f  dark- 
gray to  b lack dense shaly  limestone. At a few l o c a l i t i e s  th e re  a re  two 
lim estones sepa ra ted  by about 6 f e e t  o f  sh a le .  According to  Moore (1949,
p. 166), the B ird Creek limestone of Oklahoma i s  the  southward con tinua tion
of the  Church lim estone member of the  Howard formation o f  Kansas.
The B ird Creek o f Pawnee County c o n s is ts  o f  a s in g le  th in  bed o f
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l im estone r e s t in g  upon the  Severy sh a le .  I t  extends in to  Creek County
on the  south , where i t s  southern ex ten t i s  not known (see d iscuss ion  on
p. 53).
Thickness and c h a ra c te r .  The Bird Creek lim estone covers a 
wide area  with remarkably l i t t l e  change in l i th o lo g ie  c h a ra c te r  and only 
a g radual th inn ing  southward. I t s  Kansas c o r r e la t iv e ,  the  Church lime­
s tone  member of the  Howard formation, ranges from 1,5 to 6 f e e t  in  th ic k ­
n ess ,  averaging 2 f e e t  (Moore, 1949, p. 174), In Oklahoma th e  Bird Creek 
i s  about 2 f e e t  th ic k  in the type area  and to  the  south in Pawnee County 
ranges in  th ick n ess  from 1 ,5  f e e t  in  the  NW 1/4 sec, 25, T. 21 N,,
R. 7 E . , to  le s s  than one foo t  in  the  southern p a r t  of the  county,
Heald (1919, p, 216) described  the Bird Creek a t  the  type
l o c a l i t y  in  Osage County as
. . . h a r d  and extremely b r i t t l e ,  so th a t  when s tru ck  w ith a hammer,,, 
i t  s h a t t e r s  l i k e  g l a s s , . . .B o th  weathered and f re sh  su rfaces  are  of 
a dark b lu ish -g ra y  co lo r  — so dark , in f a c t ,  t h a t  many samples might 
j u s t l y  be c a l le d  b lack . F o s s i l  remains may ra r e ly  be seen on i t s  
weathered s u r fa c e ,  bu t i t  i s  n everthe less  ch a ra c te r ized  by a d i s t i n c t  
brachiopod fauna, and in  p r a c t i c a l ly  every l o c a l i t y  where i t  was 
c a r e fu l ly  examined the  round, n u t l ik e  brachiopod E n te le te s  hem iplicata
( s ic )  was d iscovered  embedded in  the  i n t e r i o r  of the  limestone.
In Pawnee County the  Bird Creek limestone c o n s is t s  o f  a s in g le  
bed of dense gray to  dark-gray lim estone. Weathered exposures are  l i g h t -  
brown to  gray and have smooth, rounded su rfaces .  F resh ly  broken surfaces 
show a subconchoidal f r a c tu r e ,  and in  the  northern  p a r t  o f  the county the 
lim estone i s  much l ik e  th a t  described  by Heald in Osage County, In the 
v i c i n i t y  o f  Blackburn the  Bird Creek is  known as the  " b e l l  lime" because of 
the  c h a r a c t e r i s t i c  r ing  produced by the rock when s tru c k  a sharp blow with 
a hammer o r  o th e r  hard o b je c t .  The Bird Creek g en e ra lly  i s  n o n -re s is ta n t
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and i s  a t  many places traced  with d i f f i c u l t y ,  occurring  only as f l o a t  
on the shale  slope between the underlying and overly ing sandstones. In 
the  northern  p a r t  of the county the  limestone i s  f a i r l y  pure, but the  
percentage o f  im purities  -  both sand and c lay  -  inc reases  markedly south­
ward (Appendix A),
Paleontology, The faunal con ten t of the  Bird Creek i s  apparently  
sparse ,  and the  ad jacent shales a re  n o n - fo s s i l i f e ro u s .  The bed i t s e l f  
contains a few brachiopods, c r in o id  fragments, and many small T r i t i c i t e s . 
The f o s s i l s  do not weather out of the  limestone and s tand out in only 
s l i g h t  r e l i e f  on the  weathered su rface .  The few specimens th a t  were 
c o l le c te d  had to  be broken out of the  rock with a hanmer.
The following fauna was noted in s c a t te re d  l o c a l i t i e s  throughout
the  area:
Protozoa




Chonetes g r a n u l i f e r  Owen 
C ru r i th y r is  planoconvexa (Schumard)
"D ictyoclostus"  sp.
Bryozoa
Rhombopora lepidodendroides Meek 
f e n e s t r a te  forms
E n te le te s  hem ip lica tus . sa id  to  be c h a r a c t e r i s t i c  of the Bird
Creek by Heald (see  above),, was not found in the  Bird Creek o f  Pawnee
County.
H a l l e t t  s h a le .
D ef in it io n  and d i s t r i b u t io n .  The H a l le t t  sha le  formation was
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named by Branson (1956, p. 122), who defined the formation as
. . . t h e  predominantly shale  sequence from the top o f  the Bird 
Creek lim estone to  the base o f  the  Wakarusa lim estone. The 
name i s  derived  from the  v i l l a g e  of H a l le t t  in Pawnee County 
[Oklahoma] and the type sec t io n  i s  th a t  exposed in  and south 
of the  v i l l a g e .
I t  i s  a poorly exposed sequence c o n s is t in g  of sh a le ,  l e n t i c u l a r  sandstone, 
and seve ra l  th in  lenses  of sandy limestone. The equ iva len t sec tio n  in 
Kansas con ta ins  n ine  subd iv is ions ,  none of which can be id e n t i f i e d  in 
Pawnee County.
Thickness and c h a ra c te r .  The beds o f  the H a l l e t t  formation 
to t a l  approximately 110 fe e t  in  th ick n ess ,  showing a tendency to  th in  
s l i g h t ly  toward the  south. The following composite sec tio n  o f  the forma­
t io n  was compiled by Branson (1956, p, 123) from severa l  measured sec tio n s  
from the  re p o r t  on the  ea s te rn  p o r t io n  of Pawnee County submitted by the 
au thor in  p a r t i a l  f u l f i l lm e n t  of the  degree of Master of Science (Greig, 
1954, Appendix).
Composite s e c t io n  o f  H a l l e t t  form ation, based upon measured sec tio n  
. . . t a k e n  in  NE 1/4 sec. 31, T. 20 N., R. 7 E . , . . [Appendix D, sec t io n  
29} .
Wakarusa lim estone Feet
Limestone, l ig h t-g ra y ,  f o s s i l i f e r o u s ,  with T r i t i c i t e s  2
H a l l e t t  form ation
Shale, g ray ,  weathers b u ff ,  calcareous near top, th in  
s i l t s t o n e  beds near base, T r i t i c i t e s  in  upper 
ca lcareous  zone 7
Sandstone, b u ff ,  f in e - to  medium-grained, cross-bedded 11
Shale, gray to  red , with s i l t s t o n e  beds, con ta ins  
th in  lim estone w ith Crvptozoon 26
Sandstone, b u ff ,  cross-bedded 4
Shale , g ray , with lo c a l  s i l t s t o n e  and sandstone beds 20
Sandstone, white with spo ts  of brown 3
Shale , gray 2 ,5
Sandstone, b u ff ,  massive 3
Shale, gray , with th in  s i l t s t o n e  layers  which a re  
fuco ida l  on the  b asa l bedding p lane, lo c a l  sand­
stone beds, red sha le  near top 29
63
Feet
Thickness of H a l le t t  fm. 105.5
Bird Creek limestone
Limestone, dark-gray , sha ly , f o s s i l i f e r o u s ,  
con ta ins  T r i t i c i t e s  0 .5
Immediately overly ing the  Bird Creek limestone i s  from 20 to  30 
f e e t  of gray sh a le ,  apparen tly  u n fo s s i l i f e ro u s ,  which grades upward to 
s i l t y  sha le  con ta in ing  th in  beds o f  red shale  and s i l t s t o n e .  The sha le  
in t e r v a l  i s  o v e r la in  by a well bedded but l e n t i c u l a r  sandstone. C erta in  
beds of th i s  sandstone a re  well cemented with a b lu ish  gray calcareous 
cement. F o s s i l i f e ro u s  sandy lim estones found in  the  same in te rv a l  e x h ib i t  
many fe a tu re s  s im i la r  to  the  ca lcareous sandstones and may grade l a t e r a l l y  
in to  them. One such lim estone, 1 .5  f e e t  th ic k ,  i s  exposed in the  SE co m er  
sec .  20, I .  20 N., R. 7 E . , along the  r a i l r o a d .  The bed contains a faunule 
which includes Chonetes. Crvptozoon. and c r in o id  d e b r is .
In th e  no rthern  p a r t  o f  th e  county along the Arkansas River in  
T. 22 N., R. 7 E . , t h i s  sandy-calcareous zone i s  represen ted  by a u n i t  up 
to  5 f e e t  th ic k  which grades from calcareous sandstone a t  the base to 
sandy limestone a t  th e  top . The upper 6 inches to  one foo t of the  lime­
s tone con ta ins  abundant fu s u l in id s  which weather brown and stand out in  a 
s t r ik in g  fash ion  a g a in s t  the  l ig h t -g ra y  to  white limestone m atrix .  Because 
o f  the  resemblance of the  fu s u l in id s  to  g ra in s  of wheat, t h i s  limestone i s  
known lo c a l ly  as th e  "wheat lime".
Above th e  ca lcareous sandstone the sediments a re  predominantly 
sh a le s ,  grading from red a t  the  base to  gray a t  the  top .  Thin l e n t i c u l a r  
beds o f  sandstone and a few lenses  of limestone a re  interbedded with the 
sh a le s  (F ig .  19).
Measured se c t io n s  of the H a l le t t  formation a re  l i s t e d  in
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2.
Figure 19a. Sedimentary s t ru c tu re s  in  a sandstone in 
the  H a l l e t t  sh a le  exposed in  the bed of H ellroaring  Creek 
in  the NE 1/4 sec , 12, T. 21 N., H. 6 E . : 1) o s c i l l a t io n
r ip p le  marks; 2) la rg e  r ip p le  marks, probably o f  cu rren t 




Figure 19b. Sedimentary s t ru c tu re s  in  a sandstone in  
the H a l l e t t  sha le  exposed in  the bed o f  H ellroa r ing  Creek 
in the NE 1/4 sec. 12, T. 21 N., R. 6 E . ; 1) d e s s ica t io n
cracks; 2) d ep o s it io n a l  depression  in  thin-bedded sand­
stone. Note pool o f  water in  upper l e f t ,  j o i n t s  in  upper 
r ig h t  and cen te r .
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Appendix D, sec tio n s  28 to  30, in c lu s iv e .
Paleontology, A sparse  fauna occurs in  the  limestones o f  the 
H a l le t t  formation. The following faunule was c o l le c te d  in the  SE corner 
sec . 17, I .  20 N., R. 7 E.:
P o r ife ra














D e f in i t io n  and d i s t r i b u t io n .  The term Wakarusa was f i r s t  app lied  
by Beede (1898, p. 30) to  a limestone exposed along Wakarusa Creek south­
west o f  Topeka, Kansas. Subsequent usage by Condra (1927, p, 66) and 
o the rs  has changed the  o r ig in a l  d e f in i t i o n  of the term, and as now defined 
the name Wakarusa i s  app lied  to  the  f i r s t  r e s i s t a n t  limestone u n i t  above 
the  Burlingame limestone o f  the  Kansas se c t io n .  The fu su lin id -b ea r in g  
phase of the  Wakarusa extends southward in to  Oklahoma, where in  e a r l i e r  
r e p o r ts  i t  was re fe r re d  to  as the  Crvptozoon limestone (Moore, 1937, p. 
12). Recent workers in  n o r th -c e n tr a l  Oklahoma have re fe r r e d  to  the  u n i t  
as the  Wakarusa limestone, and t h i s  re p o r t  conforms to  the recen t usage.
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The Wakarusa is  t ra c e a b le  in su rface  outcrop  from Nebraska south­
ward in to  northern  Oklahoma (Moore, 1949, p. 183), where i t  has been 
t ra c e d  as f a r  south as T, 13 N ., in the  southern p a r t  o f  Lincoln County 
(K.E. Masters, 1954, personal communication), Wakarusa exposures in Pawnee 
County form an escarpment which i s  r e a d i ly  followed across the county in 
Bs. 6 and 7 E.
Thickness and ch a ra c te r .  In Kansas the  Wakarusa i s  a sh a le -  
limestone sequence ranging in th ickness  from 2 to  18 f e e t^ .  The fu s u l in id  
phase of the  lim estone has been trac ed  southward from Kansas across  Osage 
County, Oklahoma, where the  name Crvntozoon lim estone was applied  fo r  the  
numerous specimens o f  Crvptozoon th a t  occur on the  bedding su rfaces .  
Thickness o f  the  Osage County sec tio n  ranges from 1.5 to  5 f e e t .
In  Pawnee County the th ickness  of the Wakarusa ranges from 2 to
9 .5  f e e t ,  being g r e a t e s t  in  the  c e n t r a l  p a r t  o f  the  county. I t  i s  a dense 
g reen ish -g ray  f o s s i l i f e r o u s  limestone in terbedded with gray to  green 
f o s s i l i f e r o u s  sh a les  (Appendix D, sec t io n s  27, 28, and 29). Shale genera­
l l y  comprises le s s  than 50 percent o f  the  s e c t io n .  No cryptozoans were 
seen. The percentage of in so lub le  m a te r ia l  in tha lim estone, c o n s is t in g  
mostly o f  c la y ,  appears to  decrease southward (Appendix A).
In the southern  p a r t  of the  county the  Wakarusa th in s  to  2 .5  
f e e t  and i s  commonly concealed beneath a th ic k  massive sandstone which 
occurs in  the  overly ing  Auburn sha le  a few f e e t  above the  limestone.
Paleontology. A p r o l i f i c  fauna occurs in  the Wakarusa lim estone 
and a sso c ia ted  s h a le .  The f o s s i l s  weather out o f  the  sha le  re a d i ly  and
^According to  Moore (1949, p. 183), th e  g re a te r  th ickness 
includes more sh a le  than limestone.
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a re  well p reserved .
The following forms were c o l le c te d :
Protozoa




columnals, r a d i a i s ,  and basa is
Echinoidea
p la te s  and spines
Brachiopoda
A ntiquatonia sp.
Chonetes g r a n u l i f e r  Owen 
C honetinella  (?)  sp.
Composite s u b t i l i t a  (H all)
C ru r i th y r is  planoconvexa (Shumard)
Derbyia sp.
"D ic tyoclos tus"  sp.
Dielasma bovidens (Morton)
E n te le te s  hem ip lica tus  (Hall)
Ju resan ia  nebrascens is  (Owen)
N eo sp ir ife r  sp.
N eo sp ir i fe r  dunbari King 
P u n c to s p ir i fe r  kentuckyensis (Shumard)
Bhipidomella sp .
Bryozoa
Rhombopora lepidodendroides Meek 
Tabulipora sp. 




Auburn s h a le .
D e f in i t io n  and d i s t r i b u t i o n .  The name Auburn shale  was applied 
by Beede (1898, p. 30) to  exposures in  southern Shawnee County, Kansas. 
As modified by Condra (1927, p. 78) the term is  app lied  to  the sandstone- 
sh a le  sequence between the Wakarusa and the  Reading limestones.
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The Auburn i s  continuous from sou theastern  Nebraska across Kan­
sas in to  northern  Oklahoma, where i t  has been traced  as f a r  south as 
southern Lincoln County (K.E. Masters, 1955, personal communication).
South o f  Lincoln County the l im it in g  limestones pinch out and the  Auburn 
cannot be d is t in g u ish ed  from ad jacen t sh a le s .
Character and th ickness .  In Kansas the Auburn i s  a complex 
sequence o f  sha le ,  sandstone, and some limestone, ranging from 20 to  70 
f e e t  in th ickness  (Moore, 1949, p, 184), A complex sec tion  of e r r a t i c  
th ickness  ch a ra c te r ized  by l e n t i c u l a r  sandstones and d isconfo rm ities  is  
recorded fo r  the  Auburn in  Osage County, Oklahoma, by C arte r  (1954, p, 54), 
No d iscon fo rm ities  were recognized in  the  Auburn shale  in Pawnee 
County, where th e  sec tio n  maintains a r a th e r  cons tan t th ickness ,  ranging 
from 65 to  70 f e e t .  I t  co n s is ts  p r in c ip a l ly  o f  red and gray sha le  and 
g en era lly  con ta ins  one o r  more l e n t i c u l a r  sandstones and th in  nodular 
limestones (Appendix D, sec tions  27 to  29 in c lu s iv e ) ,  A th ick  massive to 
cross-bedded sandstone near the  base of the  sec tion  conceals the outcrop 
o f  the  underlying Wakarusa limestone in  the southern p a r t  o f  T. 20 N,
Paleontology, No f o s s i l s  were found in the  Auburn sha le  sec tion ,
Emporia lim estone.
The Emporia limestone was named by Kirk (1896, pp, 72-85), who 
d id  not c l e a r ly  d e f in e  a type sec tion  or l o c a l i t y  but who app lied  the  name 
to  a sha le - l im estone  sequence between two th ick  shales  in the  v ic in i t y  o f  
Emporia, Kansas, A f te r  a long period of d isuse  the  name Emporia was 
rece n t ly  revived by Moore and Mudge (1956, p, 2276) and app lied  in the  
id e n t ic a l  sense as o r ig in a l ly  proposed by Kirk, The underlying and
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overly ing  shales have s ince  come to  be known as the Auburn and W illard 
sh a le s ,  r e sp e c t iv e ly .  The Emporia limestone of Kansas con ta ins  th ree  
members. In ascending order they a re  the  Reading limestone, the Harvey- 
v i l l e  sha le ,  and the Elmont limestone.
Moore (1949, p. 166) c o r re la te d  the Reading limestone, Harvey- 
v i l l e  sha le ,  and Elmont limestone of Kansas with the lower, middle, and 
upper u n i t s  of the Stonebreaker formation in  Osage County, Oklahoma, The 
S tonebreaker was named by Heald (1918a, p. 131) fo r  exposures on the  Stone­
b reaker ranch in the northern  p a r t  of the  Pawhuska quadrangle in Osage 
County. The name Stonebreaker has subsequently been d iscarded  as a fo r ­
mation name in n o r th -c e n tra l  Oklahoma in favor of the  name Enq)oria (Bran­
son, 1956, p. 122). The Kansas subd iv is ions  of the  Emporia limestone were 
t raced  southward in to  Osage County by Taylor (1953) and C arte r  (1954) and 
a re  recognizable ac ross  most o f  Pawnee County. Their  southern ex ten t  is  
not known.
Thickness and c h a ra c te r .  In Kansas the  Emporia limestone ranges 
from 7 to  nearly  40 f e e t  in  th ickness  (Moore and Mudge, 1956, p. 2276).
The aggregate th ickness  of the  th re e  member u n i t s  in  Pawnee County aver­
ages 90 f e e t .
Reading limestone member.
D ef in i t io n  and d i s t r i b u t io n .  The Reading limestone o v e r l ie s  
th e  Auburn shale  and u n d er l ie s  the  H arveyville  shale  (Condra, 1935, p. 10), 
The name was app lied  by Smith (1905, p. 150) to  exposures near the town of 
Reading in ea s te rn  Lyon County, Kansas, The Reading can be traced  con­
t in u o u s ly  from southern Nebraska in to  northern  Oklahoma,
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Outcrops o f  Reacting limestone in Pawnee County occur in  Rs. 6 
and 7 E. The u n i t  i s  not e a s i ly  t r a c e d ,  and both i t s  northern  and south­
ern ex tre m it ie s  in  the  county a re  in d i s t i n c t .  The Reading occurs south 
of Pawnee County, but i t s  southern ex ten t  is  not yet known.
Thickness and ch a ra c te r .  According to  Moore (1949, p. 184), the 
Reading limestone of Kansas c o n s is ts  o f  one to  th re e  beds of limestone 
separated  by sh a le .  Thickness ranges from 1.5 to  15 f e e t .  The most 
p e r s i s te n t  lim estone con ta ins  abundant fu s u l in id s .  In northern  Osage 
County, Taylor (1953, p. 13) described  the  Reading as th re e  limestone 
u n i t s  separated  by gray sha le ,  averaging about 20 f e e t  in  t o t a l  th ick n ess .  
The middle lim estone u n i t  i s  th i c k e s t  and con ta ins  abundant fu su l in id s  in 
i t s  middle bed. R usse ll  (1955, p. 51) described  the  lower member of the  
Stonebreaker as one fo o t  o f  m ottled  limestone con ta in ing  many la rge  
l o t  i c i  tes..
The Reading limestone o f  Pawnee County th ickens southward from 
15 f e e t  in  T. 22 N. to  26 f e e t  in  T. 20 N, I t s  base i s  marked by a 
massive bed o f  m ottled  red to  gray-green sandy limestone ranging from 
le s s  than one fo o t  to  th ree  f e e t  th ic k .  This bed i s  commonly c r in o id a l  
and p a r t ly  a lg a l  and i s  ov e r la in  by red sh a le .  I t  becomes markedly more 
sandy to  the  south (Appendix A),
The top o f  the  Reading i s  a gray fu s u l in id  limestone one to  5 
f e e t  th ic k ,  con ta in ing  in terbedded gray sha le  in  i t s  th ic k e r  po r t io n .  
Between the  two lim estones i s  a complex sequence of red and gray sha le ,  
th in  l im estones,  and in  the  southern p a r t  of the county, th in  sandstones 
(Appendix D, s e c t io n s  24, 26 and 27),
Paleon to loav . The Reading limestone sec t io n  i s  moderately
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f o s s i l i f e r o u s ,  but g en era lly  the  f o s s i l s  a re  poorly preserved and d i f f i c u l t
to  c o l l e c t  and id e n t i fy .  Locally , however, the  gray sha le  and limestone
a t  the  top o f  the  sec tio n  con ta in  a r ic h  fauna.
A c o l le c t io n  from one such lo c a l i t y  in  the  NW 1/4 sec. 17,
T. 20 N., R. 7 E . ,  y ie lded  the following faunule:
Protozoa




columnals, r a d i a i s ,  b a sa is ,  and sp ines
Brachiopoda
A ntiquatonia  sp.
Chonetes g r a n u l i f e r  Owen 
Composite s u b t i l i t a  (H all)
C ru r i th y r is  planoconvexa (Shumard)
E n te le te s  hem iplicatus (Hall)
Linoproductus sp.
"M arginifera" sp,
N e o sp ir i fe r  dunbari King
Bryozoa
Rhombopora lepidodendroides Meek 
T abulipora sp . 





Amphiscapha c a t i l l o i d e  (Conrad)
P la ty ce ra s  sp. 
s te ihkerns
Phosphate nodules up to  4 mm. in  diameter occur w ith the faunule 
l i s t e d  above.
H arveyvil le  sha le  member.
D e f in i t io n  and d i s t r i b u t io n .  The H arveyville  sha le  o v e r l ie s  the
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Heading limestone and underlies  the  Elmont lim estone. I t  was named and 
defined  by Moore (1936, p. 226) in  sou theas tern  Wabaunsee County, Kansas.
I t  i s  continuous from sou theastern  Nebraska to  n o r th -c e n tra l  Oklahoma, 
where i t  was id e n t i f i e d  in  northern  Osage County by Taylor (1953) and 
C arter  (1954).
The H arveyville  extends southward across  Pawnee County in to  
northern  Payne County. The southern ex ten t  of the un it  i s  not known.
Thickness and c h a ra c te r .  In Kansas the  H arveyville  is  predomi­
nantly  shale  but lo c a l ly  includes a zone o f  thin-bedded sandstone o v er la in  
by a coal bed. Thickness o f  the Kansas sec t io n  ranges from le ss  than one 
foo t to  about 25 f e e t  (Moore, 1949, p. 185). In northern  Osage County, 
Oklahoma, the  H arveyville  c o n s is ts  of from 6 to  8 f e e t  o f  gray sh a le ,  
which contains a th in  bed of smutty coa l in  the middle p a r t  (C arte r ,  1954, 
p. 58).
The th ickness  o f  the H arveyville  in  Pawnee County ranges from 
35 to  53 f e e t .  The sec tion  c o n s is t s  o f  red and gray sha les ,  th in  lime­
s tones ,  and l e n t i c u l a r  sandstones (Appendix, measured sec tions  24, 26, 
and 27). At many p laces  a th in  bed o f  gray-green limestone composed 
la rg e ly  o f  f o s s i l  d e t r i t u s  occurs 5 to  7 f e e t  above the base. Locally  
t h i s  limestone con ta ins  a few fu s u l in id s .  Sandstones occur mainly in  the  
upper p a r t  o f  the  s e c t io n .  They a re  massive to  cross-bedded and lo c a l ly  
con to rted , ranging up to  12 f e e t  th ic k .  Color ranges from orange to  white .
Paleontology. No f o s s i l  c o l le c t io n s  were made from the Harvey­
v i l l e .  The se c t io n  i s  sparse ly  f o s s i l i f e r o u s  except fo r  the th in  lime­
s tones ,  many of which are  composed la rg e ly  of f o s s i l  fragments. I d e n t i ­
f i a b l e  f o s s i l s  a re  few, c o n s is t in g  mostly of small T r i t i c i t e s  from a th in
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limestone near the base of the  se c t io n .
Elmont limestone member.
D e f in i t io n  and d i s t r i b u t io n .  The name Elmont limestone was 
app lied  by Beede (1898, p. 30) to  exposures near the  town of Elmont in 
Shawnee County, Kansas, I t  c o n s t i tu te s  the upper p a r t  o f  the Emporia lime­
stone of some e a r ly  r e p o r ts .  As c u r re n t ly  defined (Moore, 1949, p. 185), 
th e  Elmont o v e r l ie s  the H arveyville  sha le  and u n d er l ie s  the W illard  sh a le .  
In Pawnee County the  overlying sha le  sec t io n  is  c a l le d  the  Gano sha le .
The Elmont i s  continuous from sou theas te rn  Nebraska in to  n o r th -  
c e n t r a l  Oklahoma, where i t  was id e n t i f i e d  in northern  Osage County by 
Taylor (1953) and C arte r  (1954), I t  can be traced  southward across  Paw­
nee County in to  Payne County, but the  southern ex ten t  of the Elmont i s  
not known.
Thickness and c h a ra c te r .  In describ ing  the  Elmont of southern 
Kansas, Moore (1949, p. 185) s ta t e d  th a t  i t  i s  a dense, hard, dark-blue 
rock, ty p ic a l ly  a s in g le  massive bed, in  which fu s u l in id s  a re  prominent. 
According to  C a r te r  (1954, p, 58) and Taylor (1953, p. 18), the Elmont 
c o n s is t s  o f  upper and lower lim estone members separa ted  by 6 or 7 f e e t  o f  
gray to  dark-gray sh a le .  The lower limestone i s  fu su l in id -b e a r in g .  Total 
th ickness  of the  sec t io n  i s  about 9 f e e t .
T o ta l  th ickness  o f  the  Pawnee County sec t io n  averages about 25 
f e e t ,  ranging from 20 to  34 f e e t .  Otherwise the Elmont in  Pawnee County 
i s  s im i la r  to  th a t  in  northern  Osage County. I t  c o n s is t s  of two lim estones 
separated  by red  and gray shale  (Appendix D, se c t io n  24, 25, and 26). The 
lower limestone i s  gray-brown, dense, and f in e ly  c r y s t a l l i n e ,  averaging
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1.5 f e e t  th ic k .  I t  con ta ins  an abundance of la rge  fu su l in id s  which stand 
out in  r e l i e f  on the  weathered su rface .  This limestone becomes th in n e r  
and more shaly southward (Appendix A), and on the  south county l in e  j u s t  
e a s t  of the underpass under the  M issouri, Kansas, and Texas Railway tracks  
in  the SE 1/4 sec .  33, T. 20 N,, R. 6 E . , i t  is  rep resen ted  by a poorly 
r e s i s t a n t  6 -inch  bed o f  h ighly a rg i l la c e o u s  fu s u l in id  coqu in ite .
In the  northern  p a r t  of the  county the fu s u l in id  limestone is  
o v e r la in  by a dense massive bed of m ottled d e t r i t a l  limestone, which l i e s  
upon or a few f e e t  above the basa l fu su l in id  lim estone. The d e t r i t a l  
limestone i s  the  only u n i t  between the  top and bottom limestones o f  the  
Elmont th a t  could be recognized in  more than one exposure. I t ,  to g e th e r  
w ith the  underly ing  fu s u l in id  limestone, i s  probably equ ivalen t to  
R u s s e l l 's  middle S tonebreaker limestone (R usse ll ,  1955, p. 51).
The middle Elmont s ec t io n  conta ins  a predominance of gray and 
red  sh a le s .  Thin f o s s i l i f e r o u s  limestones and l e n t i c u l a r  sandstones, 
p a r t l y  ca lca reous ,  a re  developed lo c a l ly .
The upper Elmont limestone is  genera lly  one foot or le ss  in 
th ick n ess .  In  the  northern  p a r t  o f  the county i t  i s  a dense f o s s i l i f e ro u s  
p a r t l y  shaly  gray-green  limestone lo c a l ly  mottled with red . A few small 
fu s u l in id s  occur in  some exposures. Southward th i s  u n i t  grades in to  a 
s in g le  massive bed composed la rg e ly  o f  f o s s i l  d e t r i t u s .  The d e t r i t a l  
phase i s  dark gray, dense, and f in e ly  c r y s t a l l i n e .  I t  i s  well exposed in 
th e  S secs .  33 and 34, T. 20 N,, R. 6 E .,  along th e  road on the south
county l i n e .
Paleontology. The lower limestone member o f  the Elmont limestone 
and the a s so c ia ted  sha le  con ta in  T r i t i c i t e s  in profusion  and lo c a l ly
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con ta in  an abundant brachiopod fauna. The upper limestone i s  moderately 
f o s s i l i f e r o u s ,  bu t  c o l le c t io n s  a re  d i f f i c u l t  to  ob ta in  because the  f o s s i l s  
do not weather out of the  rock . The middle Elmont sha le  sequence conta ins 
a few f o s s i l s ,  mainly mollusks, p a r t i c u l a r ly  in  the th in  limestones.
The fo llow ing fauna was id e n t i f i e d  from c o l le c t io n s  made from 
the  Elmont sequence:
Protozoa




columnals, r a d i a i s ,  and spines
Brachiopoda
A ntiqua ton ia  sp.
Chonetes g r a n u l i f e r  Owen 
C hone tine l la  (?) sp.
Composite s u b t i l i t a  (H all)
C ru r i th y r is  planoconvexa (Shumard)
Derbyia sp ,
"D ic ty o c lo s tu s” sp,
E n te le te s  hem ip lica tus  (H all)
Hustedia mormoni (Marcou)
Ju re san ia  nebrascensis  (Owen)
Linoproductus sp,
"M argin ifera"  sp.
Meekella s t r i a t o c o s t a t a  (Cox)
N e o sp ir i fe r  sp.
N e o sp ir i fe r  dunbari King 
P u n c to s p i r i f e r  kentuckyensis (Shumard)
W e lle re l la  sp,
Bryozoa
en cru s tin g  forms 









Qano sh a le .
D e f in it io n  and d i s t r i b u t io n .  The f i r s t  recognizable  key bed 
above the Elmont limestone in Pawnee County is  the  "Grayhorse" lim estone. 
Between the Elmont and "Grayhorse" i s  a shale-sandstone sequence which in 
Kansas is  subdivided in to  more than a dozen s t r a t ig r a p h ie  u n i t s  on the 
bas is  o f  severa l p e r s i s te n t  limestones which occur in  the  sec tio n  th e re  
(Moore, 1949, p. 186 f f . ) .  A ll o f  these  limestones pinch out north of 
Pawnee County, Oklahoma; consequently, th e re  i s  no b a s is  fo r  subdiv is ion  
of the  Pawnee County sec tion .  Branson (1956, p. 123) app lied  the name 
Gano shale  to  exposures of th i s  shale-sandstone sequence n o r th ea s t  o f  the  
v i l l a g e  o f  Gano in  sou theastern  Payne County, Oklahoma. As defined by
Branson, the upper l im i t  of the  Gano formation is  formed by the base of
the  lowermost recognizable key bed in the  Wood Siding formation. As a 
r e s u l t  o f  the  southward pinchout o f  p rog ress ive ly  h igher key beds in  the  
lower p a r t  of the Wood Siding form ation, the  Gano-Wood Siding boundary 
m igrates upward in  the sec tio n  toward the  south. In  Pawnee County th i s
boundary i s  formed by the  base o f  the  "Grayhorse" lim estone.
The Gano i s  t ra c e a b le  from Pawnee County northward in to  the 
h igh ly-subdiv ided  Kansas sequence. The southern e x te n t  of the  u n i t  is  
not known although i t  i s  probably recognizable  fo r  a considerab le  d is tance  
south o f  Pawnee County,
Thickness and ch a ra c te r .  In Pawnee County the  Gano formation 
c o n s is ts  of 35 to  50 f e e t  of red and gray shale  and l e n t i c u l a r  sandstones. 
A few th in  impure limestones occur lo c a l ly  (Appendix D, sec tio n s  24, 25),
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Moore (1949, f ig ,  35 and p. 190) ind ica ted  a th ickness of le ss  
than 100 f e e t  fo r  the Gano equ iva len t in southern Kansas (Chautauqua 
County), which compares favorably with the th ickness  of the  Gano sha le  in 
Pawnee County, Oklahoma. Taylor, on the o th e r  hand (1953, p. 22 f f . )  
assigned a th ickness  o f  about 200 fe e t  to  the Gano equ iva len t in  northern  
Osage County, Oklahoma. The im plica tion  o f  T ay lo r’s abnormally th ick  Gano 
sec tion  is  n u l l i f i e d  by an overly ing sec tio n  o f  Admire sha le  which is  
abnormally th in  when compared to  the Admire sec t io n s  of southern Kansas 
and Pawnee County, Oklahoma ( p . 95 ) ,  and i t  i s  l i k e ly  th a t  T ay lo r 's  
c o r re la t io n  of beds between the Emporia limestone and the top o f  the Admire 
shale  i s  in e r r o r .
Paleontology. A s t r a y  limestone in the Gano sha le  exposed along 
the north  s id e  o f  O.S. Highway 64 in the SW corner sec . 15, T. 21 N .,
R. 6 E .,  y ie lded  sev e ra l  specimens of Euphemites ca rbona riu s . No o ther  
f o s s i l s  were seen in  the  formation.
Wood, Siding Igrmalioa.
D e fin i t io n  and d i s t r i b u t io n .  The Wood Siding formation is  the  
uppermost formation o f  the  Pennsylvanian system in  the  Mid-Continent a rea .  
The name Wood Siding was f i r s t  app lied  by Condra and Reed (1943, p. 43) to  
a sec t io n  in  sou theas te rn  Nebraska extending upward from the base of the  
Nebraska C ity  lim estone to  the  base of the  Brownville limestone. Moore 
and Mudge (1956, p. 2273) redefined  the formation and extended the use of 
the  name in to  Kansas. As redefined  by Moore and Mudge, the Wood Siding 
formation inc ludes f iv e  member u n i t s ,  which a re ,  in  ascending order,  the  
Nebraska C ity  lim estone, the  Plumb sh a le ,  the Grayhorse limestone, the
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Pony Creek sha le  and the  Brownville limestone.
The name Wood Siding was introduced in to  Oklahoma nomenclature 
by Branson (1956, p. 122), who modified the Kansas d e f in i t io n  to  s u i t  the 
t r a n s i t i o n a l  sediments of the Oklahoma sec tio n .  As defined by Branson, 
the  Wood Siding formation extends downward from the top of the  Brownville 
limestone to  the  base of the lowest recognizable member u n i t .  As a r e s u l t  
of the southward pinchout of the Nebraska City limestone member somewhere 
in Osage County, Oklahoma, the base o f  the formation in Pawnee County is  
defined by the  base of the"Grayhorse" limestone. South of Pawnee County 
where the  "Grayhorse" limestone can no longer be recognized the  Brownville 
limestone member c o n s t i tu te s  the  e n t i r e  Wood Siding formation.
Thickness and c h a ra c te r .  Moore and Mudge (1956, p. 2275) gave 
the  average aggregate  th ickness  of the f iv e  members of the  Wood Siding 
formation in  Kansas as 36 f e e t ,  ranging between 12 and 50 f e e t .  The 
r e s t r i c t e d  Wood Siding formation o f  Pawnee County has an average th ickness 
o f  75 f e e t .
"Grayhorse" lim estone member.
D e f in i t io n  and d i s t r i b u t io n .  The name Grayhorse was f i r s t  applied  
by Bowen (1918, p. 138) to  a lim estone exposed on the  c r e s t  of L i t t l e  
Grayhorse a n t i c l i n e  in  the  NW 1/4 sec .  11, T. 24 N., R. 6 E . , Osage County, 
Oklahoma. The type sec t io n  i s  about 6 miles n o r th ea s t  of the  Pawnee County 
v i l l a g e  o f  Ralston . On P la te  XXI in  Bowen's r e p o r t ,  the Grayhorse is  
shown to  be about 125 fe e t  above the  Stonebreaker (Elmont) and about 75 
f e e t  below the  Americas lim estone. I f  these  measurements are  c o r re c t ,  i t  
i s  doubtful th a t  the Grayhorse extends southward in to  Pawnee County,
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(F ig . 2 0 ).
Moore (1936, p. 241) c o r re la te d  the Grayhorse with the  molluscan 
phase o f  the Ganeyville  cyclothem in the Kansas s e c t io n ,  giving the name 
Grayhorse a p lace  in Kansas nomenclature. This c o r r e l a t io n  was based on 
somewhat meager inform ation , however, and i s  open to  question .
L i th o lo g ic a l ly  the "Grayhorse" in  Pawnee County resembles n e i th e r  
th a t  described  fay Bowen nor th a t  described  by Moore. Each of the th ree  
sec t io n s  con ta ins  abundant specimens of a la rg e  Mvalina. but t h i s  f a c t  
alone i s  not s i g n i f i c a n t .  C o rre la t io n  of the  Pawnee County "Grayhorse" 
w ith the t ru e  Grayhorse o f  Bowen i s  doubtfu l because the  Pawnee County 
"Grayhorse" occurs too low in  the  se c t io n .  Pawnee County in te rv a ls  co r re ­
l a t e  more c lo se ly  with those in  Kansas, however, and on th i s  b a s is  the 
name "Grayhorse" has been re ta in e d  fo r  the  u n i t  in  Pawnee County, although 
to  in d ic a te  doub tfu l c o r r e l a t io n  the  name w i l l  be enclosed in  quo ta t ion  
marks.
The "Grayhorse" can be traced  e n t i r e ly  across  Pawnee County 
except fo r  the  southernmost m ile  and one h a l f ,  where i t  i s  not exposed.
In a l l  p ro b a b i l i ty  the  u n i t  extends southward in to  Payne County.
Thickness and c h a ra c te r .  Bowen (1918, p. 138) described  the
Grayhorse a t  th e  type l o c a l i t y  as
. . . o n e  o f  the  most d i s t i n c t i v e  key rocks in  the  a r e a . . . . I t  is  
a dark brownish-gray c r y s t a l l i n e  conglomeratic lim estone, com­
monly about 2 f e e t  t h i c k . . . . I t  con ta ins  numerous small pebbles 
ranging in  s iz e  from mere g ra in s  to  pebbles as la rg e  as a la rg e  
pea, which weather to  a d i r ty -w h i te  co lo r  and g ive  the  weathered 
su rface  o f  the  rock a m ottled  appearance. In most p laces  i t  a lso  
con ta ins  numerous la rg e  f o s s i l s  o f  the  spec ies  Myalina subouadrata . 
some o f  which a re  3 or 4 inches in  t h e i r  longest d im e n s io n . . . .
The bed i s  so d i s t i n c t i v e  th a t  a f t e r  having once been id e n t i f i e d  




















Figure 20. Sketch showing re la t io n s h ip  of Pawnee County "Gray­
horse" to  type Grayhorse (Bowen, 1918, PI. XXI) and Grayhorse of 
southern Kansas (Moore, 1949, p. 186, f i g .  35; 1951, p. 49).
According to  Moore and o thers  (1951, p. 58), the Grayhorse in  Kansas i s  a 
ferruginous gray c r y s t a l l i n e  limestone ch a ra c te r ized  by organic debris  and 
la rge  specimens o f  Mvalina o f  the  Mvalina subouadrata type. The limestone 
ranges from 0 .5  f e e t  to  6 f e e t  in  th ickness  and occurs 5 to  50 f e e t  or 
more below the Brownville limestone.
The "Grayhorse" limestone of Pawnee County c o n s is ts  of calcareous 
shale  ranging in  th ickness  from 2 to  6 f e e t .  The sha le  i s  gray-green on 
f re sh  exposure and weathers to  a c h a r a c t e r i s t i c  shade of b u ff .  I t  is  
highly f o s s i l i f e ro u s  and e a s i ly  recognized by the abundance of la rg e  mya- 
l i n id s  of the  Mvalina subouadrata type , ranging up to  5 inches in leng th . 
These s h e l l s  occur in such profusion  th a t  they commonly form th in  limestone 
beds in  the sh a le .  The omnipresence of Myalina permits t h i s  th in  non- 
r e s i s t a n t  bed to  be traced  e n t i r e ly  a c r o s s  the county. Even in  th e  poorest
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exposures, fragments of Mvalina may be found as f l o a t .  Other f o s s i l s  occur 
but a re  in the m inority .
In the NE corner sec. 14, T. 20 N ., R, 6 E . ,  the  "Grayhorse" is  
represented  by a massive bed of gray-green shaly  limestone containing 
Mvalina and s h e l l  fragments. The limestone i s  about 1 .5 f e e t  th ick  and 
forms a prominent escarpment, un like  the "Grayhorse" in o th e r  p a r ts  of 
the county.
Paleontology, F o ss i ls  in the  "Grayhorse" a re  abundant but poorly 
preserved. Molluscan forms predominate.
The following fauna was id e n t i f i e d  from the  severa l c o l le c t io n s
made:
Brachiopoda
Chonetes g r a n u l i f e r  Owen
Derbyia wabaunseensis Dunbar and Condra
Ju resan ia  sp.
Ju resan ia  nebrascensis  (Owen)
Linoproductus sp,
P u n c to sp ir i fe r  kentuckyensis (Shumard) 
Bryozoa
Bascomella fus ifo rm is  Condra and E lia s  
Rhombopora lepidodendroides Meek 
encrus ting  forms 









Pharkidonotus p e rca r in a tu s  (Conrad) 
Pharkidonotus t r i c a r i n a t u s  (Shumard)




Petalodus d e s t ru c to r  (Newberry and Worthen)
Pony Creek sha le  member.
D e f in i t io n  and d i s t r i b u t io n .  The Pony Greek sha le  includes the 
beds between the  "Grayhorse" and Brownville lim estones. I t  was f i r s t  
described by Condra (1927, p. 74) near Pony Creek south o f  F a l l s  C ity ,  
Nebraska. The p re se n t ly  accepted d e f in i t io n  of the  u n i t  was w r i t te n  by 
Moore (1936, pp. 49, 243) and modified by Moore and Mudge (1956, p. 2273).
The Pony Creek i s  recognized from sou theas te rn  Nebraska to 
northern  Oklahoma, where i t  has been id e n t i f i e d  as f a r  south as T, 20 N. 
in  southern Pawnee County. F u rther  southward con tin u a tio n  o f  the u n i t  
appears l i k e ly ,  bu t i t s  ex ten t  i s  not known.
Depending on th e  accuracy of c o r re la t io n  with the Kansas se c t io n ,  
th e  lower l i m i t  o f  the  Pony Creek o f  Pawnee County may d i f f e r  s l i g h t l y  
from th a t  o f  i t s  Kansas c o r r e l a t i v e .  For the  purposes of th i s  r e p o r t ,  
however, any such d if fe re n c e  i s  o f  minor importance.
Thickness and c h a ra c te r .  Moore and o the rs  (1951, p. 58) described
th e  Pony Creek o f  Kansas as
B lu ish-gray  sha le  c h ie f ly ,  some red clay  sha le  or sandy shale 
lo c a l ly .  Commonly sandstone or s i l t s t o n e  occurs near the middle 
p a r t ,  lo c a l ly  t h i s  type o f  d ep o s i t  f i l l s  c h a n n e ls . . . .A  th in  coal 
bed occurs in  the  upper middle p a r t  in  southern Kansas. B rachio- 
pods and bryozoans a re  more or le s s  common in  upper la y e rs .  Thick­
ness ranges from about 5 to  50 f e e t  or more.
In Pawnee County the th ickness  of the  Pony Creek ranges from 65 
to  70 f e e t .  The se c t io n  c o n s is ts  p r in c ip a l ly  o f  red and gray sh a le  but 
con ta ins  a th in  impure limestone in the lower p a r t  and a th ick  massive to  
h ighly  cross-bedded sandstone in  the  middle. A th in  p e r s i s te n t  coal occurs
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about 15 f e e t  below the  top of the se c t io n  (Appendix D, sec t io n s  23, 24 
and 25).
Interbedded gray sha le  and sandstone, g en e ra l ly  o v e r la in  by a 
th in  impure red and gray-green m ottled lim estone, c o n s t i tu te  the basa l 10 
to  20 f e e t  o f  the  Pony Creek. At p laces  the  lim estone i s  conglomeratic 
and con ta ins  abundant organic  d e t r i t u s .
The sandstone in  the  middle p a r t  of the  Pony Creek sec tio n  i s  
p e r s i s t e n t  ac ross  the county. I t  ranges up to  30 f e e t  th ic k ,  grading from 
highly cross-bedded a t  the  base to  massive in  the upper p a r t .  The base 
i s  g e n e ra l ly  covered, but a t  two p laces  where exposures revea l the r e l a t i o n ­
ship o f  the sandstone to  underly ing beds i t  i s  ev ident th a t  the sandstone 
has channelled  in to  the sediments below i t .  The magnitude o f  the  tru n ca t io n  
could not be determined, bu t in d ic a t io n s  a re  th a t  i t  i s  not la rg e .  Channel­
l in g  can be seen in  an exposure along the  road on the  west l i n e  of the  SW
1/4 sec . 11, T. 20 N., R. 6 E . , where the  sandstone occurs about 10 f e e t
above the  "Grayhorse” , e v id en tly  t ru n c a t in g  much of the  b asa l p a r t  of the 
Pony Creek s e c t io n .  F a r th e r  north  the  sandstone occurs s l i g h t l y  h igher 
in  the  s e c t io n .  In an exposure along the  road on the  west l i n e  of sec .
22, T. 22 N,, R. 6 E . ,  i t  occurs about 4 f e e t  above the  limestone in the
lower p a r t  o f  the  Pony Creek s e c t io n .  Here again  the  con tac t  with the  
underly ing sha le  i s  i r r e g u la r .
Between the  sandstone and th e  top  of the  Pony Creek is  a 20 to  
30 foo t se c t io n  c o n s is t in g  mostly o f  gray sh a le .  In the  lower p a r t  o f  
t h i s  s e c t io n  about 5 f e e t  above th e  sandstone is  a th in  p e r s i s t e n t  coal 
bed, g e n e ra l ly  1 to  2 inches th ic k ,  th a t  can be t raced  e n t i r e ly  across  
the  county. This coal was once mined in  the NE 1/4 sec. 2, T. 23 N.,
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R. 5 E . , in  the town of Ralston, where i t  a t t a in s  i t s  maximum development; 
and the name Ralston coal is  here proposed fo r  the bed. An exposure 18 
inches th ick  was reported  in the bed of Eagle Creek j u s t  west of the 
bridge to  the Santa Fe s ta t io n  in Ralston. This exposure was below water 
and could not be checked, but a 6 -inch  seam was seen downstream high in 
the p rec ip itous  south bank of the  creek.
Beneath th i s  coal and commonly separated  from i t  by a th in  len­
t i c u l a r  sandstone i s  about 2 f e e t  of underclay. Immediately overlying 
the coal is  a 2 -foo t  sec tion  o f  h ighly  f o s s i l i f e ro u s  gray shale  conta in ing  
an abundance o f  Myalina and o the r  molluscan forms. The same sequence o f  
underc lay -coa1-foss i1ife rous  sha le  is  exposed a few f e e t  below the Brown­
v i l l e  limestone along the  road on the  e a s t  s ide  of sec .  30, T. 24 N.,
R. 6 E . , in  Osage County and probably extends northward in to  the  th in  
coal in  the upper p a r t  o f  the Pony Creek shale  in  Kansas. The Ralston 
coal has been reported  as f a r  south as sec. 25, T. 15 N., R. 5 E . , 
along the Turner Turnpike in  Lincoln County (A.E. West, 1955, personal 
communication).
A lense  of a lg a l  limestone 5 f e e t  th ic k  occurs near the base of 
the  upper sha le  about 25 f e e t  below the  Brownville in  the NE 1/4 sec . 7,
T. 21 N., R. 6 E. No o ther  limestones were noted in  the upper p a r t  o f  
the  Pony Creek sec tio n .
Paleontology. P arts  of the Pony Creek a re  highly f o s s i l i f e ro u s ,  
but the f o s s i l s  a re  poorly p reserved . In ad d i t io n  to  a g rea t  deal of 
unrecognizable s h e l l  d e t r i t u s ,  the  limestone in  the  lower p a r t  o f  the 
sec tio n  contains c r in o id  deb r is  and fragments of t r i l o b i t e s .  The f o s s i l i ­
ferous shale  above the  coal con ta ins  a profusion o f  Mvalina sp, as well
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as a few o th e r  mollusks (Pseudorthoceras. Pharkidonotus) and c r in o id  d eb r is .
Brownville limestone member.
D ef in it io n  and d i s t r i b u t io n .  The Brownville limestone i s  the 
top u n i t  of the Pennsylvanian system in  the Midcontinent region. I t  l i e s  
with apparent conformity on the  Pony Creek sha le  but i s  disconformable, 
a t  l e a s t  lo c a l ly ,  with the  overly ing Admire sha le  of the Permian system.
This disconforraity  i s  not apparent in  Pawnee County.
The name Brownville was app lied  by Condra and Bengston (1915, 
pp. 17, 19) to  limestone exposures south of the town o f Brownville in 
Nemaha County, Nebraska. In 1933 Moore and Moss (p. 100) proposed lower­
ing the  Pennsylvanian-Perraian boundary to  the  top o f  the  Brownville, a 
proposal which was accepted by Condra (1935, p. 9) when he r e s t r i c t e d  the 
top o f  the  Wabaunsee group to  co inc ide  with the  top of the Brownville 
limestone.
The Brownville i s  continuous from sou theas tern  Nebraska to  no rth -  
c e n t r a l  Oklahoma, where i t  has been traced  as f a r  south as the  North 
Canadian River (K.E. Masters, 1955, personal communication). South of the 
North Canadian River the "Prague" limestone of Seminole County i s  probably 
the  con tinua tion  o f  the Brownville.
The Brownville c ro sses  Pawnee County in  Rs. 5 and 6 E. and 
g en e ra lly  forms a prominent escarpment. North and south o f  Ralston and 
n o r th ea s t  o f  Skedee, however, long s t r e tc h e s  of the limestone a re  covered 
by te r r a c e  d ep o s i ts  and i t s  t r a c e  i s  concealed (see P la te  1),
Thickness and c h a ra c te r .  Moore and o thers  (1951, p. 58) described  
the  Brownville limestone of Kansas as one or two beds of b lu ish -g ray
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limestone, lo c a l ly  sandy, contain ing  la rge  fu s u l in id s  and ranging in 
th ickness from about 2 to  8 f e e t .
In Pawnee County the  Brownville is  a s in g le  limestone u n i t  
ch a ra c te r ized  by wavy bedding (F ig. 21) and a l i g h t  grayish-brown co lo r .
I t  weathers in to  i r r e g u la r  s lab s ,  commonly almost white. Thickness 
ranges from le ss  than a foo t in the  southern p a r t  of the county (Fig. 22) 
to  about 10 f e e t  in  the c e n t ra l  p a r t  and 4 to  5 f e e t  in the northern  p a r t .  
In the SW 1/4 sec . 35, T. 22 N., R. 5 E .,  along Black Bear Creek, a 7 -foo t 
lense  of a lg a l  lim estone immediately above the Brownville r e s u l t s  in  a 
t o t a l  limestone th ickness  o f  over 15 f e e t .  No o the r  such occurrence was 
seen.
The Brownville limestone i s  bes t developed e a s t  and sou theas t of 
Pawnee. Here i t  i s  more than 95 percen t carbonate (Appendix A), forming 
a dense su b li th o g rap h ic  rock ex h ib i t in g  subconchoidal f r a c tu r e .  S ty lo l i t e s  
a re  developed lo c a l ly  in  the  upper p a r t .  The rock i s  moderately f o s s i l i ­
fe ro u s ,  bu t except f o r  c r in o id  fragments, the f o s s i l s  do no t weather out in 
r e l i e f  on the  su rface  and a re  seen only in  c ro s s - s e c t io n .  Small c ig a r -  
shaped fu s u l in id s  c o n s t i tu te  a major po r t io n  of the  lower 2 or 3 f e e t  of 
the  lim estone, g iv ing  to  the rock a c h a r a c t e r i s t i c  te x tu re  which i s  re a d i ly  
i d e n t i f i a b le  even in  i s o la te d  s lab s  o r  fragments. A few la rge  T r i t i c i t e s .  
a re  s c a t te re d  throughout the rock.
In the  northern  p a r t  o f  the  county the  Brownville i s  sandy and 
sp a rse ly  f o s s i l i f e r o u s .  The c h a r a c t e r i s t i c  fu s u l in id  hash a t  the base of 
the  u n i t  was not seen.
In T. 20 N. the  Brownville forms a prominent escarpment to  w ith­
in  2 miles o f  the  south county l i n e .  In the  2 miles north of the county
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Figure 21. Brownville lim estone exposed on west 
bank of Camp Creek in  SW 1/4 sec .  13, T. 21 N., B. 5 E. 
Note wavy bedding.
:  Mm&m
Figure 22. Brownville lim estone exposed along drainage 
g u lly  in  the  e a s t - c e n t r a l  p a r t  o f  sec. 30, T. 20 N., R. 6 E. 
The Ralston coal crops out in  th e  f lo o r  of t h i s  g u lly  to  
the e a s t  and across  the  road in  sec . 29.
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l in e  the Brownville escarpment i s  almost obscured by th ick  b racke ting  
sandstones to g e th e r  with an abrupt decrease in  th ickness and r e s is ta n c e  of 
the limestone. A sample of the Brownville taken along the creek in  the 
E 1/2 sec. 30, T. 20 N., R.6 E. (Fig. 22) y ie lded  an in so lub le  re s idue  of 
almost 72 p e rce n t ,  p r in c ip a l ly  quartz  sand (Appendix A).
Paleontology, Although the Brownville is  moderately to  highly  
f o s s i l i f e r o u s ,  cond itions  o f  p reserva t ion  a re  such th a t  only meager c o l­
le c t io n s  can be made. Aside from the fu s u l in id  hash in the bottom p a r t  
of the lim estone, the most ty p ic a l  f o s s i l s  a re  fragments of la rge  c r in o id  
columnals, commonly pink, which stand out in  r e l i e f  on the  weathered 
surface  of the lim estone.
The la rg e s t  c o l le c t io n s  were obtained from the abandoned q u a rr ie s  
in  the NE 1/4 sec . 13, T, 21 N., R. 5 E. A th in  molluscan zone con ta in ing  
Mvalina and a lg a l  p e l l e t s  occurs a t  the  top of the limestone in  these  
q u a r r ie s .
The following fauna was id e n t i f i e d  from seve ra l  c o l le c t io n s  made 
in  the c e n t r a l  p a r t  o f  the  county:
Protozoa
T r i t i c i t e s  sp,
Crinoidea
columnals, r a d i a i s ,  spines
Brachiopoda
Chonetes g r a n u l i f e r  Owen 
C honetinella  (? )  sp.
Composite s u b t i l i t a  (Hall)
E n te le te s  hem iplicatus (Hall)
Ju resan ia  nebrascensis  (Owen)
Linoproductus sp.
"M arginifera" sp.
N eo sp ir ife r  sp.
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Bryozoa
Rhombopora lepidodendroides Meek 







Petalodus d e s t ru c to r  (Newberry and Worthen)
Permian System
Hocks o f  Permian age cover the  western h a l f  o f  Pawnee County.
The s e r i e s  d iv is io n s  of the Permian system now standard  fo r  North America 
were o r ig in a l l y  proposed by J .  E. Adams (1939, p. 1673), These d iv is io n s  
a re  based on unconformity and l i th o io g y  o f  beds in  the  Permian basin  o f  
West Texas and southeastern  New Mexico. The fou r  s e r ie s  cu r ren t ly  
recognized a re ,  in  ascending o rder ,  Wolfcamp, Leonard, Guadalupe, and 
Ochoa.
Unlike the Permian bas in  s e c t io n ,  the  Permian beds o f  Kansas and 
northern  Oklahoma show l i t t l e  o r  no evidence o f  major unconformity on which 
s e r i e s  breaks can be based. Major d iv is io n s  in  t h i s  area a re  based la rg e ly  
on l i th o io g y .  Even the  p o s tu la ted  major unconformity a t  the  base of the 
system i s  open to  doubt. Nowhere in  northern  Oklahoma and only lo c a l ly  
in  Kansas i s  th e re  evidence o f  such unconformity. In d iscussing  the 
problem Moore (1940) noted th a t  the  pos tu la ted  p o s i t io n  of the boundary 
has ranged from the  top of the Brownville lim estone, i t s  p resen tly  accepted 
p o s i t io n ,  a l l  the  way up to  the  top o f  the C arlton  limestone member of the  
Wellington formation, c u r re n t ly  c l a s s i f i e d  as lower Leonard.
Placement o f  the boundary a t  the top o f  the  Brownville limestone
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by Moore and Moss (1933, p. 100) conforms to  the  l a t e r  recommendation of 
the  American A ssocia tion  of Petroleum G eologists  Committee on the  Permian. 
That committee recommended th a t  in  the  absence o f  a d iagnostic  unconformity 
the  base o f  the  system be drawn a t  the f i r s t  important h ia tus  below s t r a t a  
ch a ra c te r ized  by the fu s u l in id  genera Schwaaerina. Pseudoschwaoerina. or 
Paraschwagerina (Tomlinson e t  a l . ,  1940, p. 341).
At p laces  in  Kansas and sou theastern  Nebraska channel sandstones 
occur a t  the  base o f  the  Admire sha le ,  t ru n ca t in g  as much as 1(K) f e e t  o f  
underlying s t r a t a ,  L itho log ies  above and below the  break a re  " s t r ik in g ly  
d i f f e r e n t " ,  and Pseudoschwaqerina and Schwaaerina occur 100 to  200 f e e t  
above i t  (Moore and Moss, 1933, p. 100). In northern  Oklahoma Schwaqerina 
i s  common in  the  Long Greek limestone o f  Pawnee County, and Pseudoschwa­
q er in a  i s  known from the  Neva limestone o f  Osage County (Taylor, 1953, 
p, 61). No evidence of t ru n c a t io n  a t  the  base o f  the  Admire sha le  has 
been repo rted ,  however, and the  l i th o io g y  of the  sediments above and below 
the  p os tu la ted  break i s  s t r ik i n g ly  s im i la r .  Thus a sedimentary break of 
major p roportions  a t  t h i s  p o in t  in  th e  northern  Oklahoma sec tion  is  re fu te d ,  
but because th e re  i s  no evidence fo r  p lacing  the  con tac t elsewhere in the  
northern  Oklahoma s e c t io n ,  th e  Pennsylvanian-Permian con tact of the  Kansas 
s ec t io n  i s  a lso  considered  to  be the  co n tac t  in  Oklahoma.
Wolfcamp S er ie s
Lower Permian rocks inc lud ing  a l l  but the  uppermost p a r t  of the 
Wolfcamp s e r ie s  occur in  Pawnee County. The sec tio n  i s  composed of gray 
and red s h a le s ,  l e n t i c u l a r  sandstones, and th in  fo s s i l i f e ro u s  lim estones. 
The limestones in  the  e a s te rn  p a r t  o f  the  b e l t  o f  Permian outcrops a re
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p e r s i s t e n t  and can be traced  e n t i r e l y  across  the county.  West o f  Pawnee, 
however, the  limestones th in  and d ie  out southward in to  the red sha les  and 
sandstones th a t  c h a ra c te r iz e  the  rocks exposed over most of the  western 
p a r t  o f  the  county.
Table 3
D ivis ions  of the  Wolfcamp s e r ie s  in  Pawnee County
Permian system 
Leonard s e r ie s  
Wolfcamp s e r ie s
Herington limestone 
Odell sha le  
Winfield limestone 
0) A Doyle sha le
« o F o rt  Riley limestone
o  os M atfield  sha le
Wreford limestone




^  3 Roca sha le
3  u Red Eagle limestone 
s  ^  Johnson shale
o Long Creek limestone
^  Hughes Creek sha le
Americas limestone
2 a
s  o Admire shale"O w 
<C os
( - ? -  U n c o n f o r m i t y  - ? - )
Pennsylvanian system
The subd iv is ions  o f  the Wolfcamp s e r ie s  o f  Kansas have been 
ta b u la te d  by Moore and o the rs  (1951, pp. 42, 43), As in  the case o f  the  
underlying Wabaunsee s e c t io n ,  the  key beds of the Wolfcamp in Pawnee 
County a re  continuous from the  Kansas s ec t io n  although many o f  the  Kansas
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Figure 23. Generalized columnar sec tio n  o f  the rocks 
of the Admire and Council Grove groups (lower and middle Wolf­
camp) in  Pawnee County,
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u n i t s  pinch out north of Pawnee County, This sequence of marine and non- 
marine beds grades southward in to  the  coarse ly  c l a s t i c  c o n t in e n ta l  de­
p o s i t s  of the Konawa and Asher formations of c e n t ra l  Oklahoma.
Subdivisions of the s e r ie s  used in  Pawnee County a re  shown in
Table 3. A ll u n i ts  shown crop out in  the county except the Herington 
limestone and Odell sha le ,  which crop out to  the west in  Noble County.
None of the Kansas u n i ts  of the  Admire group can be recognized 
in  Pawnee County so the group has not been subdivided. The Council Grove 
and Chase groups have been subdivided in to  limestone and shale-sandstone 
u n i ts  o f  equal rank. Where a p p licab le ,  names from the  Kansas sec tion  
have been used, but the  rank of these  names in  the  Kansas c l a s s i f i c a t io n  
has been d isregarded .
Admire group
As c u r re n t ly  defined , the  Admire group i s  the  b asa l  Permian 
(Wolfcampian) u n i t  of the  Midcontinent area and includes those beds over- 
ly ing  th e  Brownville limestone and underlying the Americus lim estone. The 
name Admire was f i r s t  app lied  by Adams (1903, p. 53) to  a sequence of 
f o s s i l i f e r o u s  shales  overly ing the  Emporia (Reading) limestone and under­
ly ing  the Americus limestone near the town of Admire in  Lyon County, Kan­
sa s .  Condra (1926) r e s t r i c t e d  the  Admire sha le  to  the  rocks in  th a t  
in t e r v a l  from the base of the  Brownville limestone upward to  the base of 
th e  Americus limestone. Subsequent r e d e f in i t io n  by Moore (1932) ra is e d  
th e  base of the  Admire to  th e  top of the Brownville limestone, Condra
(1935, pp. 8-9) r a is e d  the  name to  group s t a t u s ,
Admjre s h a le .
D efinitiG » and d i s t r i b u t io n .  In  Nebraska and Kansas the  Admire
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group has been subdivided in to  seven limestone and shale  u n i ts  with the 
Indian Cave channel sandstone occurring lo c a l ly  a t  the base (Moore and 
o th e rs ,  1951, p. 49). In Osage County, Oklahoma, Taylor (1953), Vosburg 
(1954), and F isher  (1956) made t e n ta t i v e  c o r re la t io n s  with some of the 
Kansas u n i t s ,  but in  Pawnee County exposures of the Admire group are  poor 
and no attem pt a t  subd iv is ion  was made, Branson (1956, p, 123) proposed 
th a t  where subd iv is ion  of th e  Admire group i s  not p o ss ib le  th e  name 
Admire formation be app lied  to  the  sedimentary sequence sep a ra t in g  the
Brownville and Americus lim estones.!
The Admire group is  recognized from Nebraska southward across 
Kansas in to  n o r th - c e n t r a l  Oklahoma, I t s  southern ex ten t has not y e t  
jbeen determined, although re c e n t  f i e l d  work in d ic a te s  th a t  i t  probably 
cannot be mapped f a r th e r  south than T. 17 N. in  southern Payne County 
(E. Nakayama, 1955, personal communication).
In Pawnee County th e  Admire formation forms a broad va l ley  
averaging th re e  miles in  width which trends g en era lly  no rth -sou th  
across th e  county, lying j u s t  west of Ralston and e a s t  of Pawnee. I
Thickness and c h a ra c te r .  According to  Moore and o thers  (1951,; 
p . 49) th e  Admire group o f  Kansas c o n s is ts  of th in  limestones and some 
coals  and sandstones in  a s e c t io n  composed predominantly of sh a le .
Except a t  p laces  where the  Indian  Cave sandstone i s  developed, the  group 
has a th ickness  of about 130 f e e t .  Maximum repo rted  th ickness  of the 
Indian Cave sandstone i s  250 f e e t  in  Pottawatomie County.
In  Oklahoma, Taylor, Vosburg, and F isher each repo rted  a th ic k ­
ness of about 50 f e e t  fo r  the Admire group in  Osage County. These authors
96
subdivided the  upper p a r t  o f  the  Admire sequence on the bas is  o f  th in  
limestones thought to  be continuous from the  Kansas sec t io n .  The basal 
channel sandstone is  absent in Osage County but otherw ise the l i th o io g y  
of  the group i s  much as i t  i s  in Kansas, c o n s is t in g  p r in c ip a l ly  of shale  
and a few th in  limestones and l e n t i c u l a r  sandstones.
In Pawnee County th e  Admire group is  about 140 f e e t  th ick ,  repre­
sen ting  an abrupt inc rease  in  th ickness  southward from Osage County. Only 
two complete su rface  measurements were made o f  the formation, and in both 
o f  these  the  sec tio n  was la rg e ly  covered and the h o r izo n ta l  d is tance  g re a t .  
The th ickness  of the  formation may r e a d i ly  be checked in  the subsurface, 
however, on e l e c t r i c  logs o f  bore holes d r i l l e d  fo r  o i l  (P la tes  3 and 4 ) ,  
Comparison o f  sev e ra l  e l e c t r i c  log in te rv a ls  confirmed the  surface  measure­
ments and in d ica te d  a su rp r is in g  constancy in  th ickness  across the county 
in  a no rth -sou th  d i r e c t io n .
I t  w i l l  be noted th a t  the  th ickness  o f  the  Admire sec tio n  in 
Pawnee County and in  Kansas i s  approximately the  same, compared to  which 
the  Osage County s ec t io n  i s  th in n e r  by almost tw o - th i rd s .  Such an abrupt 
th inn ing  i s  g eo lo g ic a l ly  p o ss ib le  but in  th i s  case i t  seems more l ik e ly  
th a t  the  disagreement i s  the  r e s u l t  o f  a d if fe re n c e  in c o r re la t io n  o f  the  
Osage County sec t io n  (see F ig , 20 and d iscuss ion  on p. 7 9 ) .
Exposures of the  Admire group in  Pawnee County a re  poor, es­
p e c ia l ly  near the  base o f  the  group. The sequence c o n s is t s  predominantly 
o f  red sha le  (Appendix D, sec t io n s  19 to  22, in c lu s iv e ) .  Thin lim estones, 
g en e ra l ly  h ighly  f o s s i l i f e r o u s ,  occur in  most exposures, but these  beds 
a re  shaly , n o n - r e s is ta n t ,  and probably l e n t i c u l a r .  Thin beds of f o s s i l i ­
ferous  gray sh a le  a re  a s so c ia ted  w ith the lim estones. No coal was seen.
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Une or more le n t i c u l a r  beds o f  massive to  cross-bedded sandstone 
genera lly  occur in  the  upper h a l f  of the Admire s e c t io n .  Locally these  
sandstones a t t a i n  a th ickness of more than 20 f e e t ,  forming an escarpment 
which a t  many p laces  i s  the only po rtion  of the sec t io n  exposed.
At the few p laces  in the  county where the con tac t of the Admire 
beds with the  underlying Brownville limestone can be examined, the re  is  
no evidence of a major unconformity. The Brownville is  ove r la in  by sh a le ,  
genera lly  red , which con ta ins  a few f e e t  from i t s  base a f ine -g ra ined  
massive to  well bedded iro n -s ta in ed  sandstone up to  11 f e e t  th ic k .  The 
upper l im i t  o f  the  Admire formation i s  the base of the  lowermost lime­
stone (Americus) of the  overly ing Council Grove group. Where exposed, 
th i s  con tac t i s  a simple shale-1 im estone con tac t showing no evidence o f  
unconformity.
Paleontology. The th in  beds o f  limestone and a sso c ia ted  gray 
shales exposed lo c a l ly  in  the  upper p a r t  of the Admire sec tio n  a re  gener­
a l ly  highly f o s s i l i f e r o u s .  Molluscan, brachiopod, and mixed assemblages 
occur. A ca lcareous zone which commonly occurs about 50 f e e t  below the  
top o f  the formation con ta ins  a small species o f  T r i t i c i t e s . Although 
i t  i s  l ik e ly  th a t  the  lower p a r t  of the  Admire group con ta ins  f o s s i l i ­
ferous beds s im i la r  to  those in  the upper p a r t ,  the lower beds and t h e i r  
fauna are  covered by slump*
The following faunule was c o l le c te d  from the NW 1/4 sec. 2,
T. 23 N., R. 5 E. (Appendix D, bed 4 of s ec tio n  21):
Protozoa





p la te s  and spines
Brachiopoda
Chonetes g r a n u l i f e r  Owen 
Chonetes g ra n u l i f e r  meekana (G irty) 
Chonetinella  (?) sp,
C ru r i th y r is  planoconvexa (Shumard) 
Derbyia sp.
E n te le te s  hem iplicatus (Hall)
Hustedia mormoni (Marcou)
Ju resan ia  sp,
Linoproductus sp,
N eo sp ir ife r  sp,
Bryozoa
Bascomella fus ifo rm is  Condra and E lia s
Rhombopora lepidodendroides Meek
encrus ting  forms
fe n e s t r a te  forms
ramose forms
ta b u la r  ramose forms
Gastropoda
Amphiscapha c a t i l l o i d e  (Conrad)
Council Grove group 
Council Grove was f i r s t  app lied  as a s tage  name by Prosser (1902, 
p, 709) to  the  Cottonwood lim estone -  G arrison sha le  in te rv a l  exposed in 
Morris County, Kansas, near the town of Council Grove. Moore (1932, p, 95) 
changed the  name to  Council Grove group and lowered the base o f  th e  u n i t  
to  include the Americus lim estone. As p resen tly  ap p l ied .  Council Grove 
group includes the  beds from the base o f  the  Americus limestone upward to  
the  base o f  the Wreford lim estone. I t  l i e s  with apparent conformity 
between the underly ing Admire group and the  overlying Chase group.
The Council Grove group c o n s is ts  p r in c ip a l ly  of shale  with sev e ra l  
p e r s i s t a n t  escarpment-forming limestones and, in  Pawnee County, a few th ick  
l e n t i c u l a r  sandstones. Thickness o f  the group inc reases  southward from
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an average o f  321 f e e t  in  Kansas (Moore and o th e rs ,  1951, p, 45) to  about 
480 fe e t  in  northw estern  Pawnee County,
The Council Grove group can be traced  from sou theastern  Nebraska 
across e a s te rn  Kansas in to  Pawnee County, Oklahoma, There in the  south­
west p a r t  o f  T. 22 N,, R. 4 E . , the  Wreford limestone, the  base of which 
defines  the  upper l im i t  of the group, loses  i t s  id e n t i t y .  F ar ther  south , 
th e re fo re ,  th e  Council Grove and overly ing  Chase groups cannot be d i f f e r e n t i ­
a ted .  Tiiey grade l a t e r a l l y  in to  the  Konawa-Asher sequence o f  c e n t ra l  
Oklahoma,
ForaJcer l im estone .
D e f in i t io n  and d e sc r ip t io n .  The basal formation of the Council 
Grove group i s  the  Foraker lim estone, which was named by Heald (1916, 
p, 21) near th e  town of Foraker in  northwestern Osage County, Oklahoma,
Bass (1929, p, 45) in troduced the  name in to  Kansas terminology when he 
id e n t i f i e d  th e  Americus limestone of Cowley County, Kansas, as the  basa l 
member of the  Foraker lim estone.
The name Foraker was in troduced  in to  the  s t r a t ig r a p h ie  c l a s s i f i ­
c a t io n  o f  northw estern  Missouri and sou theas tern  Nebraska by Condra (1935, 
p. 8 ) .  Condra app l ied  the  name to  a sequence conta in ing  the  Americus 
limestone, Hughes Creek sha le ,  and Long Creek lim estone, which he 
designated as lower, middle, and upper members, re s p e c t iv e ly ,  of the  
Foraker lim estone formation.
The th r e e  members of the  Foraker formation a re  t ra c e a b le  south­
ward from Nebraska across  Kansas and in to  Lincoln County, Oklahoma, They 
a re  well exposed in  Pawnee County where they form abrupt escarpments west
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of the  wide e ro s io n a l  v a l le y  in  the  Admire sha le .
Thickness and c h a ra c te r .  Moore and o the rs  (1951, p. 48) assigned 
an average aggregate  th ickness  of 50 f e e t  to  the members of the Foraker 
formation in  Kansas. Heald (1916) reported  a Foraker th ickness  of 
approximately 74 f e e t  in the type area  in Osage County, Oklahoma, but more 
recen t  workers re p o r t  only about 50 f e e t  of Foraker in  Osage County (Taylor, 
1953; Vosburg, 1954; F ish e r ,  1956). The th ickness  of the Foraker formation 
in  Pawnee County ranges between 60 and 70 f e e t ,  showing a tendency to
thicken s l i g h t ly  toward the  south .
I t  w i l l  be noted in  the  d e sc r ip t io n s  th a t  follow th a t  the  th ic k ­
ness o f  the  in d iv id u a l  members o f  the Foraker formation has a wide range.
Accurate measurement of the  t o t a l  th ickness  of the  formation a t  the su rface  
is  not p o ss ib le  owing to  the  s c a t t e r e d  na tu re  o f  exposures, but i t  is  f e l t  
than an in c rease  in  th ickness  o f  one member i s  accompanied by a correspond­
ing decrease in  th ickness  of one o r  both o f  the o th e r  members and th a t  the 
aggregate  th ickness  o f  the  member beds i s  f a i r l y  co n s tan t .  This conclusion 
i s  supported by Foraker s e c t io n s  p en e tra ted  in  bore holes west of the  out­
crop. Although i t  i s  not p o ss ib le  to  id e n t i fy  the  in d iv id u a l  members on 
the  e l e c t r i c  logs o f  the se  bore ho les ,  the formation as a u n i t  can be 
recognized and i s  about th e  same th ickness  in a l l  w e lls  examined (P la te s  
3 and 4 ) .
Americus limestone member.
D e f in i t io n  and d i s t r i b u t i o n .  The name Americus was f i r s t  app lied  
by Kirk (1896, p. 80) to  a s ix - fo o t  lim estone-sha le  sec tio n  near the  town 
of Americus, Lyon County, Kansas. Bass (1929, p. 45) c o r re la te d  the
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Americus with the lower p a r t  of the  Foraker limestone of Osage County, 
Oklahoma, and cu rren t  usage in  Nebraska, Kansas, and northern  Oklahoma 
places the Americus as the basa l member of the Foraker formation.
The Americus limestone has been traced  from southeastern  
Nebraska across  ea s te rn  Kansas in to  n o r th -c e n tra l  Oklahoma. Recent f i e l d  
work in d ic a te s  th a t  the u n i t  continues as f a r  south as T. 16 N. in c e n t r a l  
Lincoln County (A.E. West, 1955, personal conmunication). In Pawnee County 
outcrops of Americus limestone a re  r e s t r i c t e d  almost completely to  R. 5 E., 
where the Americus escarpment forms the western l im i t  o f  the  broad v a l ley  
in  the Admire sh a le .
Thickness and ch a ra c te r .  In Kansas the Americus c o n s is ts  of two 
beds of b lu ish -g ray  limestone separa ted  by 3 to  13 f e e t  o f  gray to  black 
sha le  (Moore and o th e rs ,  1951, p. 49). The upper limestone bed i s  commonly 
ch e r ty .  O verall th ickness o f  the  u n i t  averages about 18 f e e t .  The Americus 
can be traced  southward in to  Oklahoma with but minor change in  l i th o io g y ,  
but the th ickness  decreases to  12 f e e t  in northwestern Osage County 
(Taylor, 1953, p . 45).
The th ickness  o f  the Americus in northern  Pawnee County averages 
16 f e e t  and reaches a maximum of 32 f e e t  (Appendix D, sec tio n  21). Well 
exposed sec tio n s  o f  the u n i t  a re  few, however, and i t s  average th ickness  
may be g r e a te r  than is  apparent. I t  th in s  gradually  southward and along 
the  Pawnee-Payne county l i n e  i s  only about 8 f e e t  th ic k .
The Americus is  composed o f  dense gray limestone interbedded with 
marly gray sh a le .  In the  northern  and c e n t ra l  p a r ts  o f  the county the  
limestone and sh a le  beds a re  more or le s s  evenly d i s t r i b u te d  from top to 
bottom. Shales genera lly  predominate. Near the middle of the sec t io n
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th e re  i s  a p e r s i s t e n t  bed of g reen ish-gray  limestone about 1,5 f e e t  th ic k .  
In a ty p ic a l  outcrop i t  is  the bed bes t exposed and is  c h ie f ly  responsib le  
fo r  the Americus escarpm ent.(F ig . 24). The upper p o rt ion  of th i s  bed is  
shaly and conta ins a r ic h  brachiopod fauna. Myalinids and pec tino ids  a re  
common in some of the  th in  limestones above and below the massive bed.
Exposures of Americus in  the southern p a r t  of the  county c o n s is t  
of a basal limestone le ss  than one foot th ick  o v e r la in  by 4 to  5 f e e t  of 
sha le  and 3 f e e t  of well bedded limestone with th in  in te rc a la t io n s  of 
marly gray sh a le .  T r i t i c i t e s  occur in profusion  in the middle beds o f  the 
upper limestone, which i s  otherw ise sparse ly  f o s s i l i f e r o u s .
The in so lu b le  component of the  Americus inc reases  toward the 
south, but in no case  was the  res idue  found to  be over 10 percen t.  I t  
c o n s is ts  mostly o f  dark-gray c lay  with a small amount of quar tz  s i l t .  A 
t r a c e  o f  white c h e r t  was noted in  the re s id u e  o f  a sample c o l le c te d  in  the 
northern  p a r t  o f  the  county (Appendix A).
Paleontology. In the  northern  and c e n t r a l  p a r t s  o f  the county 
la rg e  and var ied  f o s s i l  c o l le c t io n s  a re  re a d i ly  obta ined from most expo­
sures of the  Americus lim estone, p r in c ip a l ly  from the  shaly zone a t  the 
top of the massive member. The Americas th in s  and becomes le ss  f o s s i l i ­
ferous southward except fo r  fu s u l in id s ,  which a re  r a r e  in  the northern 
and c e n t r a l  p a r ts  o f  the county but a re  abundant in  the  southern p a r t .
Specimens were c o l le c te d  from severa l l o c a l i t i e s  across the 
county, and the  following forms were id e n t i f i e d :
Protozoa




Figure 24. Americus limestone exposed on the west bank 
of Black Bear Creek j u s t  north  of the  ca r  b ridge in  the 
SW 1/4 sec . 33, T, 22 N., R. 3 E. Here the  Americus co n s is ts  
of a th in-bedded lower limestone (seen in the  lower r ig h t )  
separated  from the massive middle member by 5 f e e t  of f o s s i l i ­
ferous s h a le .  Upper beds of the  Americus a re  not exposed.
A r ich  faunule  was c o l le c te d  from the  shaly upper po rtion  of 
the massive bed a t  th i s  exposure.
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Crinoidea
columnals, r a d ia i s ,  b a sa i ,  in f r a b a s a ls ,  and spines
Echinoidea
p la te s  and spines
Brachiopoda
A ntiquatonia  sp.
Chonetes g r a n u l i f e r  Owen 
Chonetes g r a n u l i f e r  meekana (G irty )
C honetine lla  (?)  sp,
Composita s u b t i l i t a  (Hall)
C ru r i th y r is  planoconvexa (Shumard)
Derbyia sp,
Hustedia mormoni (Marcou)
Ju resan ia  sp.
Ju resan ia  nebrascensis  (Owen)
Linoproductus sp,
’’M arginifera" sp.
Meekella s t r i a to c o s t a t a  (Cox)
N e o s p ir i fe r  sp,
N e o s p ir i fe r  dunbari King 
P u n c to s p ir i fe r  kentuckyensis (Shumard) 
Rhipidomella sp,
T e g u l ife r in a  (?) sp,
W elle re l la  sp,
W e lle re l la  d e l ic a tu la  Dunbar and Condra 
W el le re l la  t ru n c a ta  Dunbar and Condra
Bryozoa
Bascomella fus ifo rm is  Condra and E l ia s  
Rhombopora lepidodendroides Meek 
f e n e s t r a te  forms 
ramose forms 
ta b u la r  forms
Pelecypoda
Allorism a sp ,
Aviculopecten sp,
Myalina sp,
Myalina (Orthorayalina) slocomi Sayre
Gastropoda
Amphiscapha c a t i l l o i d e  (Conrad)
T r i lo b i t a
Ditomopyge d ecu r ta ta  (Gheyselinck)
Hughes Creek sha le  member.
D e f in i t io n  and d is t r ib u t io n ^  As p re s e n t ly  def ined ,  the Hughes
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Creek shale  includes the rocks between the Long Creek and th e  Americus 
lim estones. The type sec tion  i s  along Hughes Creek in  Nemaha County, 
Nebraska, where the u n it  was o r ig in a l ly  described by Condra (1927, p. 84). 
The o r ig in a l  boundaries given by Condra were subsequently rev ised  by Moore 
and Condra (1932) to  those now recognized. The Hughes Creek has s ince  
been designated as the middle member of the Foraker formation (Condra, 
1935, p. 8 ) .
The Hughes Creek i s  recognized from sou theastern  Nebraska across 
ea s te rn  Kansas in to  n o r th -c e n tra l  Oklahoma, where i t  can be traced  as f a r  
south as northern  Lincoln County, Exposures of Hughes Creek in Pawnee 
County occur almost e n t i r e ly  within R. 5 E,
Thickness and ch a ra c te r .  The Hughes Creek sha le  in  Nebraska 
c o n s is ts  of 36 to  38 f e e t  of b lu ish -g ray  to  b lack f o s s i l i f e ro u s  shales  
with a zone o f  th in  gray limestones in  the c e n t ra l  p a r t  (Condra, 1935, 
p. 8 ) .  The u n i t  grades in to  an almost continuous sec tio n  o f  cherty  
f o s s i l i f e ro u s  limestone in southern Kansas, the th ickness  ranging from 
20 to  40 f e e t  (Moore and o th e rs ,  1951= p, 49). Taylor (1953) and Vosburg 
(1954) traced  the  Hughes Creek southward in to  Osage County, Oklahoma, and 
reported  25 f e e t  o f  limestone s im i la r  to  the sec tio n  in southern Kansas. 
F ish e r  (1956, p. 24) reported  a Hughes Creek th ickness of 22 f e e t  in  
southern Osage County, where the sec tio n  co n s is ts  predominantly o f  shale  
and sandstone.
Thickness of the  Hughes Creek shale  in  Pawnee County ranges from 
30 f e e t  in  the  northern  p a r t  o f  the  county to  43 f e e t  along the south 
county l i n e .  Thicker sec tions  occur where sandstone lenses  are  developed.
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The sec tion  c o n s is ts  predominantly of gray shale  and le n t ic u l a r  sandstones. 
Thin red shales occur lo c a l ly ,  e sp e c ia l ly  in  the southern p a r t  of the 
county. Where p re sen t,  limestones a re  th in  and nodular and c o n s t i tu te  a 
minor p a r t  of the  u n i t .
In the southern p a r t  o f  Pawnee County th ick  sandstone lenses are  
p resen t lo c a l ly .  The th ic k e s t  lens observed i s  in  sec. 26, T. 20 N.,
R. 5 E , , where more than 40 f e e t  of massive to  con torted  sandstone occurs 
(Appendix 0, s ec tio n  17). The same in te rv a l  le ss  than two miles e a s t  in 
sec .  25 conta ins  almost no sandstone. Sandstone lenses are  a lso  p resen t 
f a r th e r  north , but they are  th in n e r  and le ss  ex tensive  than those to  the 
south .
Representa tive  measured sec tio n s  of the Hughes Creek shale  a re  
l i s t e d  in  Appendix D, sec tions  17, 18, and 19.
Paleontology. No f o s s i l s  were co l le c te d  from the Hughes Creek 
sha le .  The u n i t  i s  e s s e n t i a l ly  n o n - fo s s i l i f e ro u s  except in  places ad jacen t 
to  the underlying and overlying lim estones. Sparse assemblages are  p resen t  
a t  places where the  u n i t  contains th in  lim estones.
Long Creek limestone member.
D ef in it io n  and d i s t r i b u t io n .  As defined by Condra (1927, p. 84) 
th e  Long Creek limestone c o n s is ts  of 3 to  5 f e e t  of limestone underlying 
the  Johnson sha le  and overly ing the  Hughes Creek sha le .  The type sec tion  
i s  along Long Creek near Auburn in  Nebraska County, Nebraska. Condra's 
o r ig in a l  d e f in i t io n  i s  s t i l l  v a l id ,  though now the  Long Creek is  a lso  
recognized as the  top u n i t  o f  the Foraker limestone formation (Condra, 1934, 
p. 8 ) .  I t  has been traced  across Kansas from southwestern Nebraska in to
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n o r th -c e n tra l  Oklahoma. Recent work in d ica te s  th a t  i t  p e r s i s t s  as f a r  
south as T, 16 N, in  southern Lincoln County, Oklahoma (A.E. West, 1955, 
personal communication).
Thickness and c h a ra c te r .  According to  Moore and o the rs  (1951, 
p, 48) the  Long Creek limestone in  southern Kansas c o n s is t s  o f  spa rse ly  
f o s s i l i f e ro u s  l ig h t -g ra y  limestone ranging in th ickness  from 4 .5  to  
possib ly  17 f e e t .  In northern  Osage County, Oklahoma, the  Long Creek i s  
described  as in terbedded shaly  lim estone and sha le ,  con ta in ing  minor amounts 
of ch e r t  and ranging in  th ickness  from 9 ,8  to  12 f e e t .  The sequence is  
f o s s i l i f e r o u s  and con ta ins  a p rofusion  of la rge  fu s u l in id s  (Taylor, 1953),
In Pawnee County the  Long Creek c o n s is ts  of interbedded dense 
gray lim estone and gray marly s h a le .  No ch e r t  was observed, but fu s u l in id s  
a re  abundant. Large specimens o f  Schwaaerina occur in  exposures in  the 
northern  p a r t  o f  the  county, and T r i t i c i t e s .  la rg e  and sm all, a re  c h a ra c te r ­
i s t i c  o f  the  s e c t io n  e n t i r e l y  ac ross  the  county. Except fo r  f u s u l in id s ,  
however, the  fauna i s  sparse  when compared to the r ic h  assemblages of the  
Americus and Red Eagle lim estones.
The Long Creek i s  not as e f f e c t iv e  a scarp-form er as a re  the  
th in n e r  lim estones s t r a t i g r a p h ic a l ly  above and below i t .  The a l te r n a t in g  
arrangement o f  lim estone and sh a le  lends I t s e l f  to  the  form ation, not o f  
one big escarpment, but o f  sev e ra l  small ones. Accordingly, i t  i s  uncommon 
fo r  the e n t i r e  Long Creek sequence to  be exposed a t  one p lace ,  and the  out­
crop of the  base of th e  u n i t  i s  t rac ed  with d i f f i c u l t y .  A th ick  well 
exposed Long Greek se c t io n  occurs along the  road a t  the  NE corner sec . 9,
T. 23 N., R. 5 E. Appendix D, se c t io n  18). This exposure has an aggregate  
th ickness  o f  25 .3  f e e t ,  c o n s is t in g  o f  11.3 f e e t  of limestone in  beds up to
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1.3 f e e t  th ic k  separa ted  by marly gray sha le .
The e s s e n t i a l l y  uniform d i s t r i b u t io n  o f  limestone and shale  in 
th e  Long Creek s ec t io n  of northern  Pawnee County g ives way southward to  
upper and lower limestones separa ted  by a 1 0 - t o  12-foot bed o f  gray 
f o s s i l i f e r o u s  marly sha le .  Thickness of the  complete sequence ranges up 
to  19 f e e t  (Appendix D, s ec tio n  17). The lower limestone i s  from 4 to  7 
fe e t  th ick .  I t  is  gray to  gray-brown and con ta ins  in terbedded sha le ,  
p a r t ly  red . Algal and molluscan remains a re  common. The middle shale  
con ta ins  a fauna which grades from a molluscan assemblage in  the lower p a r t  
to  a brachiopod assemblage in  th e  upper p a r t .  The upper limestone i s  about 
3 f e e t  th ic k ,  c o n s is t in g  of 3 to  5 beds of sp a rse ly  f o s s i l i f e ro u s  dense 
gray limestone separa ted  by th in  beds of gray s h a le .  T r i t i c i t e s  are  
abundant in  the  middle beds of the  upper limestone in  southern Pawnee 
County.
The lim estones o f  the  Long Creek a re  r e l a t i v e l y  pure a l l  across 
th e  county. Average in so lu b le  c l a s t i c  con ten t i s  le s s  than 10 percen t,  
c o n s is t in g  mostly o f  gray to  gray-brown c lay .  Comparison of weight percen t­
ages and compositions o f  in so lu b le  m a te r ia l  from sev e ra l  exposures 
e s ta b l i s h e s  no s ig n i f i c a n t  trends  (Appendix A).
Paleontology. Because o f  the  sparse fauna1 content only a few 
c o l le c t io n s  were made from the  Long Creek. Where p re s e n t ,  f o s s i l s  a re  
g en e ra lly  in  th e  lim estones and do not weather out r e a d i ly .  F o ss i ls  
occurring  in  the  sha les  a re  l im ited  mostly to  bryozoans and c r in o id  d eb r is .
The th ic k  middle sha le  in  the  southern p a r t  of the county con­
ta in s  poorly preserved  mollusks and brachiopods in ad d i t io n  to  bryozoan 
and c r in o id  fragments.
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F o ss i ls  id e n t i f i e d  from the formation include the  following;
Protozoa
Schwagerina sp,
T r i t i c i t e s  sp.
Crinoidea
columnals, r a d ia i s ,  b a sa is ,  and spines
Brachiopoda
A ntiquatonia sp,
Chonetes g r a n u l i f e r  Owen 
Composita s u b t i l i t a  (Hall)




N eosp ir ife r  sp.
W ellere l la  d e l ic a tu la  Dunbar and Condra
Bryozoa
Rhombopora lepidodendroides Meek
encrus ting  forms
f e n e s t r a te  forms
ramose forms
ta b u la r  ramose forms
Johnson sh a le .
D e f in it io n  and d i s t r i b u t io n .  In Kansas and sou theastern  Nebraska 
rocks of the  in te rv a l  above the  Long Creek limestone and below the  Glen- 
rock limestone member of the Bed Eagle limestone a re  known as the  Johnson 
sha le .  The name was f i r s t  app lied  by Condra (1927, p, 84) to  exposures 
north of the  town of Johnson, Johnson County, Nebraska.
In Pawnee County the Red Eagle limestone has not been subdivided, 
and i t  is  not c e r t a in  th a t  the Glenrock member i s  p re se n t .  The name 
Johnson shale  has been re ta in e d ,  however, and i s  here  applied  to  the  beds 
between the Red Eagle and Long Creek lim estones.
The Johnson shale  i s  recognized from sou theas te rn  Nebraska 
across Kansas in to  northern  Oklahoma. Mapping of the  formation in  Oklahoma
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i s  almost continuous from the Kansas l in e  southward to  c e n t ra l  Lincoln 
County, beyond which the Johnson cannot be d is t in g u ish ed  from underlying 
sh a le s .
Thickness and ch a ra c te r .  The Johnson shale  of the type area in 
Nebraska co n s is ts  of 18 to  20 f e e t  of gray to  bu ff  shale  (Condra, 1935, 
p. 8 ) .  In Kansas the  u n i t  c o n s is ts  o f  14 to  25 f e e t  o f  gray and green 
.shale, lo c a l ly  sandy in  the  lower and middle p o r t io n ,  contain ing  th in  beds 
o f  shaly lim estone. Dark carbonaceous m a te r ia l  occurs in the  upper p a r t  
(Moore, 1951, p, 48),
Taylor (1953) reported  about 35 f e e t  of Johnson in T, 29 N,,
where the  u n it  c o n s is ts  of gray sha le  and a few th in  lim estones, Vosburg
(1954, p, 48) reported  southward th inning  from 33.4 f e e t  in T, 26 N. to
16 f e e t  in  the  southern p a r t  o f  T. 25 N. F isher  (1956, P la te  I I )  shows a
th ickness  of 46 f e e t  fo r  the  Johnson of southwestern Osage County,
The Johnson sha le  in  Pawnee County th ickens southward from about 
35 f e e t  in  T. 24 N. to  about 60 f e e t  in T. 20 N, In the  northern  h a l f  of 
the  county the  sec tio n  c o n s is ts  mainly o f  gray sh a le .  Thin lenses o f  f in e ­
grained  l ig h t- c o lo re d  sandstone a re  developed lo c a l ly .  As f a r  north as 
Pawnee, however, red sha le  appears in the sec tio n  about 6 f e e t  below the  
Red Eagle, and the percentage of red shale  inc reases  s te a d i ly  southward 
u n t i l  along the  south border the sec tion  i s  mainly red  except fo r  a few 
f e e t  of gray marly shale  immediately above the  Long Creek and below the 
Red Eagle lim estones. The number and th ickness  o f  sandstones a lso  inc rease  
southward. They a re  g en e ra lly  red and t h e i r  s t r u c tu r e  suggests deposit ion  
in  a d e l ta ic  environment.
The Johnson shale  is  g en era lly  badly slumped and g rass  covered.
I l l
preventing  d e t a i le d  s t r a t ig r a p h ie  d e s c r ip t io n .  Outcrops a re  r e s t r i c t e d  to 
benches formed by r e s i s t a n t  sandstone lenses .  The shale  genera lly  forms 
a v a l ley  about one mile wide, and as a r e s u l t  even the th ickness i s  not 
r e a d i ly  determined.
Paleontology. No f o s s i l s  were observed in  the  Johnson shale  of 
Pawnee County,
Red Eagle lim estone .
D ef in i t io n  and d i s t r i b u t io n .  The Red Eagle limestone was named 
by Heald (1916, p. 24), who a p p lied  the  name to  a limestone exposed near 
the  since-destroyed . Red Eagle school in  T. 26 N., E. 6 E ,,  southwest of 
Foraker in Osage County, Oklahoma. At the type sec tion  the  Red Eagle l i e s  
17 f e e t  above th e  Long Creek and 71 f e e t  below the  Neva lim estone. Bass 
(1929, p. 54) i d e n t i f i e d  the Red Eagle in southern Kansas and was in s t r u ­
mental in  t r a c in g  th e  u n i t  northward across  the s t a t e .  Condra (1935, p.
8) extended the  name in to  northw estern  Missouri and sou theastern  Nebraska 
as the  Red Eagle lim estone form ation, subdivided in to  th ree  members: the
Glenrock lim estone , Bennett sh a le ,  and Howe lim estone. These subd iv is ions 
have been recognized across  Kansas (Moore and o th e rs ,  1951, p. 48) and 
have been t e n t a t i v e ly  id e n t i f i e d  in  Osage County, Oklahoma, by Taylor
(1953) and Vosburg (1954).
The Red Eagle o f  Pawnee County crops out along the  western h a l f  
o f  R. 5 E. I t  i s  w ell exposed on the courthouse lawn and elsewhere in  the  
town of Pawnee, where i t  was named the  Pawnee limestone by Drake (1897, 
p. 386). The name Pawnee had a lre ad y  been applied  to  a limestone in the 
Des Moines s e r i e s ,  however, and was th e re fo re  d isp laced  by Red Eagle in
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the  c l a s s i f i c a t i o n  o f  the  Wolfcamp beds of Pawnee County. In the north  
and c e n t r a l  p a r t  of the  outcrop b e l t  a th re e fo ld  subdiv is ion  of the Red 
Eagle sequence is  p o ss ib le ,  but the re  i s  no sound b as is  fo r  c o r re la t io n  
with the  subd iv is ions  of Kansas and Nebraska and such c o r re la t io n  w i l l  not 
be attempted here .  For the purpose of th i s  r e p o r t  the Red Eagle limestone 
i s  considered as a s in g le  u n i t  and i s  defined as the  f i r s t  p e r s i s te n t  
limestone zone above the  Long Creek limestone. This u n i t  can be traced  
e n t i r e ly  across  Pawnee County and as f a r  south as T. 13 N, in Lincoln 
County (K.E. M asters, 1955, personal communication).
Thickness and c h a ra c te r .  In Kansas and Nebraska the th ickness  
o f  the Red Eagle ranges from 6 to  20 f e e t .  I t  c o n s is t s  of two limestone 
members separa ted  by gray to  black sha le .  In southern Kansas and northern 
Oklahoma, th e  Red Eagle c o n s is t s  mainly o f  lim estone . In Osage County a 
th ickness  of about 20 f e e t  was reported  by both Taylor (1953) and Vosburg
(1954).
The Red Eagle s ec t io n  in Pawnee County c o n s is ts  of interbedded 
lim estone and sh a le ,  th icken ing  from le s s  than 3 f e e t  in  the  north  to  more 
than 6 f e e t  in  the  south . Concurrent with the  southward th icken ing  i s  an 
in c rease  in topographic express ion . The escarpment formed by the  lime­
stone between Pawnee Lake and the Arkansas River i s  gene ra lly  low and 
inconspicuous, and where r e s i s t a n t  sandstones occur in  the  overly ing sha le ,  
th e re  i s  no escarpment whatsoever; the limestone i s  covered by slump or 
exposed only in  g u l l i e s  or la rg e r  drainage channels . In the town of Pawnee 
and to  the sou th , however, the  Red Eagle escarpment i s  r e a d i ly  t r a c e a b le ,  
and to g e th e r  with the  escarpments o f  the  Long Creek and Americus limestones 
produces a n o rth -sou th  b e l t  o f  cons iderab le  r e l i e f .
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Throughout the  north and c e n t r a l  p a r t  of i t s  outcrop the Red Eagle 
co n s is ts  of two limestones separated  by sha le .  Southward the sha le  grades 
in to  limestone, and in T. 20 N. the Red Eagle can be described as 6 fe e t  
of well bedded limestone with th in  sha le  p a r t in g s .  The limestone i s  dark- 
gray to  gray, dense, lo c a l ly  shaly , and highly f o s s i l i f e r o u s .  Numerous 
specimens of the brachiopod "M argin ifera" c h a ra c te r iz e  the  limestone in 
and north o f  th e  town of Pawnee. F usu lin ids  occur abundantly in the mid­
d le  beds of the  sec tio n  in southern Pawnee County, but in the  northern  p a r t  
of the county they are  comparatively ra re .
The in so lub le  c o n s t i tu e n ts  of the Red Eagle limestone are  minor 
(Appendix A), co n s is t in g  mostly of dark-gray c lay ,  A few small fragments 
o f  ch e r t  occur in the limestone in the  southern p a r t  of the county. Micro­
scopic examination o f  a th in - s e c t io n  o f  the rock exposed in the quarry  in 
sec . 28, T, 20 N., R. 5 E, showed i t  to  be a microcoquina or sp e rg en ite ,
A d e ta i le d  study of the Red Eagle limestone formation in Kansas 
was made by O'Conner and Jewett (1952), These au thors  were ab le  to  sub­
d iv ide  the formation in  southern Kansas, where i t  i s  predominantly lime­
stone, on the b as is  o f  faunal horizons and microscopic rock c h a r a c te r i s t i c s  
which p e r s i s t  southward from the  area  where th re e fo ld  subdiv ision  of the 
formation i s  apparen t.  A zone of Orbiculoidea occurs a t  the  base of the 
Bennett shale  member, and the Howe limestone member is  id e n t i f i e d  by i t s  
microcoquinoid c h a ra c te r .  According to  the au tho rs ,  these  d iagnost ic  
fe a tu re s  extend in to  northern  Oklahoma, No Orbiculoidea were seen in the 
Pawnee County se c t io n ,  however, and although some of the  beds could be 
c a l le d  sp e rg en i te ,  subdiv ision  of the  sec tion  on t h i s  basis alone i s  not 
j u s t i f i e d .
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Paleontology. Both the shale  and limestone phases of the  Red
Eagle contain  a r i c h  marine fauna, which in  the north  and c e n t ra l  p a r t  of
the  county c o n s is ts  la rg e ly  of brachiopods. In the  southern p a r t  of the
county fu su l in id s  are  an important c o n s t i tu e n t  of the  fauna.
The following f o s s i l s  were id e n t i f i e d  from severa l c o l le c t io n s
made along the  outcrop b e l t ;
Protozoa
Schwagerina sp.




columnals, b a sa is ,  and spines
Echinoidea
p la te s  and spines
Brachiopoda
A ntiquatonia  sp,
Chonetes g ra n u l i f e r  Owen 
C honetinella  (?) sp.
Composite s u b t i l i t a  (Hall)




Ju resan ia  nebrascensis  (Owen)
Linoproductus sp,
"M arginifera" sp.
Meekella s t r i a to c o s t a t a  (Cox)
N eo sp ir ife r  sp,
N eo sp ir ife r  dunbari King 
P u n c to s p ir i fe r  kentuckyensis (Shumard)
Rhipidomella sp,
W elle re l la  sp,
W elle re l la  d e l ic a tu la  Dunbar and Condra 
W elle re l la  tru n ca te  Dunbar and Condra
Bryozoa
Bascomella fusifo rm is  Condra and E lia s  
C au los treps is  dunbari Condra and E lias  
Rhombopora lepidodendroides Meek 
encrus ting  forms
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f e n e s t r a te  forms 
ramose forms 
t a b u la r  ramose forms
Gastropoda




D e f in i t io n  and d i s t r i b u t io n .  As used in  th i s  r e p o r t ,  the Roca 
sha le  includes th e  rocks between the Red Eagle and Neva lim estones. In 
essence th i s  i s  the  o r ig in a l  d e f in i t i o n  o f  the u n i t  proposed by Condra 
(1927, p. 86) f o r  a sec tio n  near Roca, Lancaster County, Nebraska. Condra's 
d e f in i t i o n  has been modified by the  es tab lishm ent o f  the Grenola formation 
(Condra and Busby, 1933), which, except fo r  the  Neva limestone, co n s is ts  
o f  beds formerly included in the  upper p a r t  of the Roca. Subdivisions of 
the  Grenola a r e ,  in  descending o rder,  the Neva lim estone, Salem Point sha le .  
Burr lim estone, Legion sh a le ,  and S a llyards  lim estone. The d e f in i t i o n  o f  
the  Roca as thus r e s t r i c t e d  by Condra and Busby i s  the one c u r re n t ly  used 
in  Kansas and Nebraska.
Taylor (1953) and Vosburg (1954) id e n t i f i e d  a l l  the Kansas sub­
d iv is io n s  o f  th e  Grenola in northwestern Osage County, Oklahoma, but 
F ish e r  (1956, p . 32) reported  th a t  the lower th ree  members o f  the formation 
grade southward in to  sandstone j u s t  north  o f  Pawnee County. In Pawnee 
County the  top o f  the  Kansas Roca i s  inde term inate  and only the  Neva lime­
stone members o f  the  Grenola formation can be recognized with assurance. 
Accordingly, th e  Roca sha le  o f  t h i s  r e p o r t  includes in  i t s  upper p a r t  a 
s ec tio n  re p re s e n ta t iv e  of a l l  but the Neva limestone member of the Grenola
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formation of Kansas. This s e c t io n  can be i d e n t i f i e d  southward as f a r  as 
T. 17 N, in southern  Payne County (E.M. Nakayama, 1955, personal communi­
c a t io n ) .  Northward the Boca of Pawnee County grades in to  the Roca and 
basa l Grenola beds o f  northern  Oklahoma, Kansas, and Nebraska.
Roca exposures a re  g en e ra lly  poor in Pawnee County although along 
Oklahoma Highway 18 between Pawnee and Ralston th e re  a re  severa l road cu ts  
in  which the Roca i s  well exposed and may be s tud ied  in d e t a i l  (Appendix 
D, sec tio n s  14, 15, and 16).
Thickness and c h a ra c te r .  In Nebraska and Kansas the Roca i s  15 
to  20 f e e t  th ic k  and i s  composed predominantly o f  g ray , red, and green 
sha le ; th in  impure lim estones occur in  the Kansas s e c t io n .  In northern  
Oklahoma a lso  the  Roca c o n s is t s  predominantly o f  red and gray sha le .
Taylor (1953, p. 57) rep o r ted  a th ickness  in  northern  Osage County of 
17.5 f e e t .  F a r th e r  south Vosburg (1954, p. 56) reported  a southward 
th ickening  o f  th e  formation from 13.8 f e e t  in  T. 26 N. to  34.5 f e e t  in  
T. 24 N. Vosburg a t t r i b u t e d  the  th icken ing  to  sandstones wedging in to  
the  sec tio n  from the  south . In southern  Osage County F isher  (1956, PI. I I )  
showed a th ickness  o f  80 f e e t  fo r  the  sec tio n  between the  Red Eagle and 
Neva lim estones. This th ickness  inc ludes  the lower p a r t  o f  the Grenola 
formation and i s  th e re fo re  not d i r e c t l y  comparable with Roca sec tio n s  f a r ­
th e r  no rth .
The th ickness  o f  the  sequence between the Red Eagle and Neva in  
Pawnee County ranges from 80 f e e t  along the Arkansas River in  T. 24 N. 
to  about 120 f e e t  in  the  c e n t r a l  p a r t  o f  the  county, from whence i t  
decreases southward to  about 105 f e e t  in  T. 20 N. Nakayama (1955, personal 
communication) rep o r te d  only about 90 f e e t  of Roca in  southern Payne
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County,
The rocks th a t  c o n s t i tu te  the  Roca sec tion  in Pawnee County a re  
p r in c ip a l ly  red and gray sha les ,  l e n t i c u l a r  sandstones, and th in  impure 
l im estones. The basa l 20 to 25 f e e t  c o n s is ts  o f  gray sha le  which, except 
in the c e n t r a l  p a r t  of the  county, contains one or more th in  beds o f  
f o s s i l i f e ro u s  g en e ra l ly  impure gray to  gray-green lim estone. The gray 
sha le  grades upward In to  50 to  70 f e e t  of red and reddish-brown s i l t y  sha le .  
L en ticu la r  sandstones with a maximum th ickness of over 30 f e e t  occur in 
the  red sha le  s e c t io n .  The sandstones a re  red to  l i g h t - t a n  and gen era lly  
grade from cross-bedded in the lower p a r t  to  massive or well bedded in the 
upper p a r t .  Contorted bedding i s  common. The sandstones a re  genera lly  
th ic k e r  in  the  southern p a r t  of the  county.
One of th e se  sandstones, the  base of which i s  exposed along the  
road on the west s ide  of sec, 30, T. 20 N,, R. 5 E .,  i s  a channel sand­
stone r e s t in g  disconforraably on the underlying red sha le  (F ig , 25).
S im ilar  d iscou fo rm ities  probably occur a t  the base o f  many of the sand­
stones in  th i s  sequence, but the  con tac t r e la t io n s h ip s  a re  concealed by 
slump a t  a l l  but a few p laces .
Overlying the  red s h a le - l e n t i c u la r  sandstone sequence i s  a 20- 
foot se c t io n  o f  dark-gray to  black sh a le ,  which forms the  upper p a r t  of 
the  Roca. The black  shale  conta ins th in  beds of impure highly f o s s i l i ­
ferous limestone and calcareous s i l t s t o n e ,  e s p e c ia l ly  in  the lower p a r t  
(Appendix D, s e c t io n s  11, 13 and 14), Several th in  beds of s i l t s t o n e  
a re  in t e r c a la te d  in  the sha le  j u s t  below the Neva, and a t  most p laces  in 
the  c e n t r a l  and southern p a r ts  of the county a th ic k  sandstone occurs 
immediately below the  Neva.
118
Figure 25. Channel sandstone in the upper p a r t  o f  the 
Roca sha le  exposed along the  road on the west l in e  o f  the  
SW 1/4 sec . 30, T. 20 N., R. 5 E.
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Figure 26. S tray  lim estone in  the  Roca shale  exposed 
along Oklahoma Highway 18 in  SW 1/4 sec. 20, T. 22 N., R. 5 E. 
The leached , r o t t e n  appearance o f  the  c e n t r a l  p o r t io n  is  
ty p i c a l .  The bottom bed is  dense and c r in o id a l ;  the upper 
bed con ta in s  a p rofusion  of Mvalina.
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Two p e r s i s t e n t  limestones occur in the  Roca. Near the base o f  
the  red  shale  se c t io n  th e re  i s  a gray to brown sandy limestone which 
grades l a t e r a l l y  in to  sandstone. The th ickness of th i s  u n i t  averages 5 
f e e t  (Appendix D, sec tio n s  15 and 16). Exposures look ro t t e n ,  co n s is t in g  
of i r r e g u la r  dark-brown masses of leached sandstone surrounded by l i g h t e r -  
co lored  unleached sandy lim estone. The basa l bed i s  c r in o id a l ;  the  over- 
ly ing  beds con ta in  a molluscan fauna including Mvalina sp. and Euphemites 
sp. Small lenses  o f  dense lim estone composed la rg e ly  of molluscan remains 
occur in  the  top p a r t .  This limestone i s  e s p e c ia l ly  well developed in 
and j u s t  north  o f  Pawnee, where i t  i s  exposed on the  playground of the 
grade school in  town and along Oklahoma Highway 18 j u s t  e a s t  of Pawnee 
Lake (F ig . 26). I t  forms an escarpment and can be traced  across the c e n t r a l  
p a r t  of the  county from the  northw estern p a r t  o f  T. 21 N., R. 5 E .,  to  sec . 
19, T. 23 N., R. 5 E . ,  where i t  crops out on the  south bank of Coal Creek 
j u s t  e a s t  of th e  b ridge  on Oklahoma Highway 18. North of th i s  po in t the 
u n i t  was not seen although s im i la r  beds occur h ighe r in  the  Roca se c t io n .  
South o f  Pawnee a th in-bedded to  massive sandstone occurs 30 to  40 f e e t  
above the  Red Eagle. This sandstone i s  probably c o r r e l a t i v e  with the sandy 
limestone u n i t  to  th e  no r th .
A second p e r s i s t e n t  limestone occurs h igher in  the  red shale  sec­
t io n  40 to  50 f e e t  below the  base o f  the  Neva lim estone. I t  i s  a non- 
r e s i s t a n t  a rg i l la c e o u s  m ottled  gray-green and maroon limestone about 0 .5  
f e e t  th ic k .  I t  co n ta in s  a few mollusks and lenses  of a lg a l  p e l l e t s .  This 
limestone occurs as f a r  south as Pawnee Lake and may be the Sa llyards  or 
the  Burr lim estone member o f  the  Grenola form ation. Along the Arkansas 
River in  sec ,  17, T. 24 N., R. 5 E . , where the  Roca i s  only 80 f e e t  th ick ,
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a limestone 25 f e e t  below the Neva may be the  northward con tinuation  of 
the mottled limestone.
Paleontology, The limestones and ad jacen t sha les  of the Roca 
sec tion  are  commonly f o s s i l i f e ro u s .  The limestones o f  the  basal gray 
shale  conta in  a brachiopod fauna with a few fu s u l in id  specimens, but the 
f o s s i l i f e ro u s  zones in  the  upper p a r t  of the  u n i t  a re  a l l  molluscan and 
a lg a l .
The following forms were id e n t i f i e d  from c o l le c t io n s  made from
the molluscan zones, mainly from the  exposures of the  upper gray shale
along the  e a s t  s ide  of Oklahoma Highway 18 in sec . 29, T. 23 N., R. 5 E.




Composite s u b t i l i t a  (H all)
Hustedia mormoni (Marcou)
Juresan ia  nebrascensis  (Owen)
Linoproductus sp,
Orbiculoidea ro issouriensis  (Shumard)
Bryozoa
fe n e s t r a te  forms
Pelecypoda
Allorisma sp,





Myalina (Myalina) copei W hitfie ld  
Myalina (Orthomyalina) slocomi Sayre 





Amohiscaoha c a t i l l o i d e  (Conrad)
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Chondrichthyes
Petalodus d e s t ru c to r  (Newberry and Worthen)
Neva limestone.
D ef in it io n  and d i s t r i b u t io n .  The type lo c a l i t y  of the Neva lime­
stone i s  near Neva s ta t io n ,  Chase County, Kansas. The name was proposed 
in  an unpublished manuscript by Prosser  and Beede (Beede, 1902, p. 180) 
fo r  6 to  8 f e e t  o f  gray limestone in  two beds separa ted  by sha le .  Follow­
ing d iscuss ion  and r e c l a s s i f i c a t io n  of th i s  p a r t  of the Permian sec tio n  by 
Condra and Busby (1933), Moore (1936), and Bass (1936), the Neva i s  now 
defined as the top member o f  the Grenola formation and i s  underla in  in  turn  
by the  Salem Point sha le .  Burr limestone. Legion sha le ,  and Sallyards  
limestone members. Only the  Neva member of the Grenola can be id e n t i f i e d  
with assurance in  Pawnee County, At l e a s t  one th in  limestone occurs a 
s h o r t  d is ta n ce  below the  Neva in the  northern  p a r t  of the county, however, 
and may re p re se n t  the  southernmost ex tension of one o f  the lower Grenola 
lim estones. The Neva i s  ov e r la in  by the  Eskridge sha le  form ation.
The Neva can be trac ed  continuously southward from sou theastern  
Nebraska across Kansas in to  n o r th -c e n tra l  Oklahoma, In Pawnee County the  
escarpment of th e  Neva limestone cu ts  back and fo r th  across Oklahoma 
Highway 18, swinging sharp ly  to  the  west o f  Pawnee along Black Bear Creek. 
Recent work by Nakayama (1955, personal communication) in d ica te s  th a t  the 
Neva pinches out in  southern Payne County,
Thickness and c h a ra c te r .  The Neva limestone of Kansas was des­
cribed  by Moore and o the rs  (1951, p. 47) as a s e r ie s  of four or f iv e  lime­
s tone beds separa ted  by sh a le .  In southern Kansas the  lower limestones 
a re  lo c a l ly  c h e r t -b e a r in g .  Total th ickness  ranges from 16 to  24 f e e t .
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According to  Taylor (1953, p. 61) and Vosburg (1954, p. 60) the Neva of 
Osage County, Oklahoma, c o n s is ts  o f  20 to 30 f e e t  o f  limestone and th in  
in terbedded gray sh a le s .  A zone o f  cherty  limestone 2 .5  f e e t  th ick  occurs 
about 6 f e e t  below the  top. Taylor (p. 61) reported  Pseudoschwaqerina 
from a sha le  zone near the  middle of the sec tio n .  According to  F isher 
(1956, p. 33) the Neva of southwestern Osage County has a f a i r l y  constan t 
th ickness  ranging between 10 and 13 f e e t .
In Pawnee County the  Neva co n s is ts  of upper and lower limestone 
members separa ted  by 13 to  22 f e e t  of blue-gray sh a le .  O verall th ickness 
of the formation ranges from 40 f e e t  in T. 22 N. to  17 f e e t  in  T. 20 N, 
(Appendix D, s e c t io n s  10 to  14 in c lu s iv e ) .  In the northern  p a r t  of the  
county the  th ick  lower limestone member of the sequence forms an abrupt 
escarpment which bounds the Roca sha le  v a l ley  on the  west. The th in  upper 
limestone g en e ra lly  crops out somewhat west of the  main escarpment and i s  
d i f f i c u l t  to  t r a c e .  Massive sandstones a re  commonly developed above 
and/or below th e  upper lim estone, e ffec tive ly^  concealing i t s  outcrop» In 
southern Pawnee County, however, where the  upper and lower limestones a re  
more equa l ly  r e s i s t a n t  and a re  both bounded by sha le ,  the Neva forms two 
escarpm ents. When tra c in g  the  Neva outcrop in  th i s  a rea ,  e i t h e r  on the 
a e r i a l  photographs or in  the  f i e l d ,  cau tion  i s  necessary to  prevent jump­
ing from bed to  bed.
In  the  northern  p a r t  o f  the  county good exposures of the  scarp -  
forming lower limestone occur in  severa l abandoned q u a r r ie s  and a t  almost 
a l l  p laces where roads c ross  the outcrop, but a complete sec tion  of Neva 
i s  r a r e ly  encountered. In T. 23 N,, where the lower member i s  bes t 
developed, i t  i s  21 f e e t  th ic k .  I t  i s  s i l t y  a t  the base and grades upward
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Figure 27, Neva lim estone in  quarry e a s t  of Oklahoma 
Highway 18 in  sec .  20, T. 23 N,, R. 5 E. The Neva measures 
16 f e e t  in  t h i s  quarry .
Figure 26. Neva lim estone. Close-up of l e f t  p a r t  of 
Figure 27. Note r e s i s t a n t  w ell bedded c h e r t  in  the upper 
p a r t  and i r r e g u la r  nodular c h e r t  in  the  c e n te r .  Pick head 
r e s t s  in  f o s s i l i f e r o u s  sha le  bed 5 ,5  f e e t  above the  base of 
the  Neva.
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in to  cherty  limestone with in t e r c a la t io n s  of gray s i l t y  sliale up to 0 .5  
f e e t  th ic k .  I r r e g u la r  masses of c h e r t i f i e d  lim estone, probably rep re sen t­
ing p o s t-d e p o s i t io n a l  replacement, occur throughout the  lim estone. In the 
upper p a r t  th e re  a re  ho rizon ta l  zones of cher t  nodules and le n t i c u l a r  
beds o f  c h e r t ,  apparen tly  primary, which stand out in  r e l i e f  on the 
weathered su rface  of the limestone (F igs .  27 and 28). The ch e r t  nodules 
and l e n t i l s  a re  dark=gray to  dark=brown; the limestone i s  dense and ranges 
from bu ff  to  b lue-gray  to  gray-brown. Where c h e r t i f i c a t l o n  is  g r e a te s t ,  
the co lo r  of the c h e r t  p re v a i l s .  F o s s i ls  a re  abundant, e sp e c ia l ly  in some 
of the shale  beds, and a zone of fu s u l in id s ,  mostly T r i t i c i t e s .  occurs in  
the  lower p a r t .  A sample of the limestone which appeared to  be r e la t iv e ly  
pure y ie lded  an in so lub le  res idue  o f  20.7 percen t,  most o f  which cons is ted  
of c h e r t  fragments and s i l t  (Appendix A).
The upper limestone is  dense, g reen ish -g ray , and lo c a l ly  shaly  
and i s  composed la rg e ly  of broken s h e l l  fragments. I t  is  about one foo t 
th ick  and i s  separa ted  from the lower limestone by 15 to  20 f e e t  of sh a le ,  
which con ta ins  l e n t i c u l a r  sandstones in  the upper p a r t .
Southward the  c h e r t  d isappears  from the sec t io n  and i s  absent 
in the Neva exposures near Pawnee, where the e n t i r e  Neva sec tion  i s  only 
20 f e e t  th ic k .  The lower member con ta ins  beds of f o s s i l i f e r o u s  sandy 
limestone or ca lcareous sandstone. Upon leaching these  beds appear to  be 
a dark-brown sandstone. They con ta in  c a s ts  of s ev e ra l  la rg e  brachiopods, 
notably NeosjpirJLfer.
F a r th e r  south the Neva sec t io n  is  composed of an upper and lower 
limestone, each about 2 .5  f e e t  th ic k ,  separated  by 13 f e e t  o f  b lue-gray  
shale  (Appendix D, sec tion  11). The limestones a re  s im i la r  in appearance.
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Figure 29. Basal c r in o id a l  limestone member o f  the 
Neva limestone in  southern Pawnee County, SW 1/4 sec, 6, 
T. 20 N., R. 5 E.
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the p r in c ip a l  d i f fe re n c e  being the occurrence of red sha le  in and immedi­
a te ly  below the upper lim estone. Both weather dark brown. Freshly 
f rac tu red  su rfaces  have a c h a r a c t e r i s t i c  d u l l  brownish-gray co lo r  and a 
rough g ranu la r  te x tu re .  Small c a v i t i e s  lined  with c r y s t a l l i n e  c a l c i t e  a re  
common. F o s s i ls  are  r a r e  except fo r  the  loca l  occurrence of Mvalina and 
c r in o id  fragments which stand out in  r e l i e f  on the  weathered surface  
(F ig . 29), A sample of the lower member contained about 13 percent 
in so lub le  m a te r ia l ,  mostly s i l t  (Appendix A).
Paleontology. The upper limestone member of the  Neva conta ins  
a sparse molluscan fauna and i s  lo c a l ly  c r in o id a l .  The lower member con­
ta in s  a r ic h  brachiopod fauna in the  northern p a r t  of the county. This 
fauna dim inishes southward and grades in to  a molluscan fac ie s  south of 
Pawnee. The f u s u l in id  zone in  the  lower p a r t  of the cher ty  bed i s  most 
prominent in  outcrops along the Arkansas River and d ies  out north  of Pawnee 
Lake. Neva exposures in  the  southern  p a r t  of the  county a re  e s s e n t i a l ly  
n o n - fo s s i l i f e ro u s  except fo r  c r in o id  fragments and a few Mvalina.
The following forms were c o l le c te d ,  mostly from exposures of the 
lower lim estone in  the  northern  p a r t  o f  the county:
Protozoa
Schwagerina sp.




columnals, b a sa is ,  and spines
Echinoidea




Chonetes g r a n u l i f e r  Üwen 
C honetine lla  (?) sp.
Composite s u b t i l i t a  (Hall)
C ru r i th y r is  planoconvexa (Shumard)
Derbyia sp.
Hustedia mormoni (Marcou)
Ju re san ia  sp,
Ju resan ia  nebrascensis  (Owen)
Linoproductus sp,
"M arginifera" sp,
Meekella s t r i a t o c o s t a t a  (Cox)
N eo sp ir i fe r  sp.
N e o sp ir i fe r  dunbari King 
O rbiculo idea m issou riens is  (Shumard)
Rhipidomella sp.
W elle re l la  d e l i c a tu la  Dunbar and Condra 
W el le re l la  tru n ca ta  Dunbar and Condra
Bryozoa
en cru s tin g  forms 
f e n e s t r a t e  forms 
ramose forms 




Petalodus d e s t ru c to r  (Newberry and Worthen)
This faunal assemblage is  noteworthy because i t  i s  the youngest
occurrence of fu s u l in id s  and a normal brachiopod fauna in  the  Pawnee
County s e c t io n .  In th e  younger beds west o f  the  Neva outcrop, the  fauna
is  r e s t r i c t e d  to  mollusks, phosphatic  brachiopods, and a lgae ,  in d ic a t in g
a marked change in  sedimentary environment in  post-Neva time.
Eskridge # a l e .
D e f in i t io n  and d i s t r i b u t io n .  C.S. P rosser  in  an unpublished 
manuscript suggested the  name Eskridge fo r  about 30 f e e t  of shale  over-  
ly ing  the  Neva lim estone and underly ing the Cottonwood limestone near the  
town o f  Eskridge, Wabaunsee County, Kansas (Beede, 1902, p, 181). P ro s s e r 's
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o r ig in a l  d e f in i t io n  is  s t i l l  v a l id .
The Eskridge shale  was formerly considered to be the top u n i t  of 
the Wabaunsee group in Kansas, but r e c l a s s i f i c a t i o n  o f  the sec tion  by 
Moore (1936) and o the rs  has since placed the Eskridge in i t s  p resen t 
p o s it io n  in the  Council Grove group. The formation can be traced  continu­
ously across Kansas from southwestern Nebraska in to  n o r th -c e n tra l  Oklahoma, 
where i t  can r e a d i ly  be mapped as f a r  south as c e n t r a l  Pawnee County. In 
southern Pawnee County id e n t i f i c a t i o n  of the Cottonwood limestone i s  un­
c e r t a in ,  and recogn ition  o f  the upper l im i t  of the Eskridge i s  accordingly  
doubtfu l.
Charac ter and th ickness .  The Eskridge sha le  of Kansas is  
described by Moore and o thers  (1951, p. 47) as p r in c ip a l ly  red and green 
sha le ,  20 to  40 f e e t  th ic k ,  with minor amounts of limestone and th in  coals  
lo c a l ly .  According to  Taylor (1953, p, 63), Vosburg (1954, p, 62),  and 
F ishe r  (1956, PI, I I ) ,  the Eskridge sha le  of Osage County, Oklahoma, 
c o n s is ts  o f  about 65 f e e t  o f  yellow ish-gray  and maroon shales con ta in ing  
th in  sandstones and, in  the  upper p a r t ,  th in  f o s s i l i f e ro u s  lim estones.
The Eskridge shale  of Pawnee County is  a n o n - fo s s i l i f e ro u s  
sequence of maroon to  red sha les  and th ic k  l e n t i c u l a r  genera lly  c ro s s ­
bedded sandstones. Small l e n t i l s  of conglomeratic limestone occur lo c a l ly  
in  the sandstones. The th ickness  of the Eskridge ranges from about 80 to
90 f e e t ,  inc reas ing  southward. This th ickness  may be open to  ques tion ,
however, owing to  the u n c e r ta in t ie s  inheren t in measuring a th ick  non- 
r e s i s t e n t  sec t io n  o f  poorly exposed l e n t i c u l a r  beds.
Lying immediately above the Neva is  10 to  15 fe e t  of gray sh a le .
Locally ( e . g . ,  along the road on the  e a s t  s id e  o f  sec .  12, T. 22 N,,
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R. 4 E.) th i s  gray shale  is  th in n e r  and i s  over la in  with apparent d i s -  
conformity by a cross-bedded channel sandstone up to  25 f e e t  th ick .  This 
con tac t is  genera lly  covered, but the occurrence of a h ighly  cross-bedded 
sandstone a sho rt  d is tan ce  above the Neva a t  many p laces  in the county 
suggests the ex is tence  of a lo c a l  d isconform ity.
The sec tio n  above the cross-bedded sandstone is  genera lly  
covered. I t  c o n s is ts  of a complex sequence of red shales  and red to  tan 
l e n t i c u l a r  sandstones (Appendix D, sec tio n  8).
Paleontology, The rocks o f  the Eskridge sha le  sec tion  are  
apparently  n o n - fo s s i l i f e ro u s .
Cottonwood lim estone.
D ef in i t io n  and d i s t r i b u t io n .  In the s t r a t ig r a p h ie  subdiv ision  
used in  Pawnee County the Cottonwood limestone l i e s  above the Eskridge 
sha le  and below the Garrison sha le .  Cottonwood limestone i s  an e s tab l ish ed  
abbrev ia tion  fo r  the  Cottonwood F a l l s  limestone, f i r s t  named by Haworth 
and Kirk (1894, p. 112) near Cottonwood F a l l s ,  Chase County, Kansas.
Condra and Busby (1933, p. 13), in s e t t in g  up the B e a t t ie  formation, 
included the  Cottonwood as the b asa l  member, ov e r la in  in  tu rn  by the 
Florena sha le  and the  M orrill  lim estone. This c l a s s i f i c a t io n  i s  cu r re n t ly  
used in Kansas, sou theastern  Nebraska, and n o r th -c e n tra l  Oklahoma. Taylor 
(1953), Vosburg (1954), and F isher  (1956) each id e n t i f i e d  the  th re e  u n i t s  
of the  B ea t t ie  formation in Osage County.
The members of the B e a t t ie  formation can be id e n t i f i e d  in Pawnee 
County j u s t  south of the Arkansas River in  the two northernmost o u t l i e r s  
of Cottonwood limestone. These o u t l i e r s  a re  shown on P la te  1 in  the
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northwest p a r t  o f  T. 23 N., R. 4 E, They are  capped by a th in  limestone 
about 30 f e e t  above the  Cottonwood (Appendix D, s ec t io n  9 ) ,  This limestone 
i s  undoubtedly the  M orrill  and the underlying shale, the  Florena. A few 
s c a t te re d  lim estone exposures o f  indeterm inate  s t r a t ig r a p h ie  p o s it io n  
occur immediately to  the southwest o f  the  o u t l i e r s  and may be ero s iona l 
remnants o f  the  M o rr i l l ,  but the  ex ten t  of d is c e rn ib le  M orrill  limestone 
in  Pawnee County i s  very sm all.  Only the Cottonwood limestone member of 
the  B ea t t ie  formation i s  t r a c e a b le  fo r  any d is tan ce  across  the county. 
Accordingly, the  B e a t t ie  formation has been ignored in  subdividing the 
rocks of the Council Grove group fo r  th i s  re p o r t .  The Cottonwood lime­
stone was mapped as a key bed, and the  t ra c e  o f  i t s  outcrop is  shown on 
P la te  1. The upper members of the B ea t t ie  formation are  not mappable 
and a re  here included in  th e  basa l  p o r t io n  of the  Garrison sha le .
The Cottonwood lim estone can be trac ed  with f a i r  assurance as 
f a r  south as Black Bear Creek in  T. 22 N, and t e n ta t i v e ly  as f a r  as  the  
south county l i n e .
Thickness and c h a ra c te r .  Moore and o the rs  (1951, p. 47) described  
the  Cottonwood lim estone o f  Kansas as l ig h t -b u f f  massive limestone, about 
6 f e e t  th ic k ,  con ta in ing  abundant fu s u l in id s  in  the upper p a r t .  In Osage 
County, Oklahoma, the  Cottonwood i s  a l ig h t-g ra y  p a r t l y  shaly limestone 
con ta in ing  fu s u l in id s .  I t  th in s  southward from 2 ,5  f e e t  in the Foraker 
a rea  to  1,3 f e e t  in  the  Burbank-Shidler a rea , though F ish e r  (1956, PI, I I )  
ass igned  an average th ickness  o f  6 ,5  f e e t  to  the  Cottonwood in the Belford 
a re a .  The maximum development in  Pawnee County occurs along the Arkansas 
River, where the  Cottonwood occurs as a s in g le  r e s i s t a n t  bed of l i g h t  
g reen ish -g ray  limestone 2 .2  f e e t  th ic k  (F ig. 30), C arefu l examination
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Figure 30, Cottonwood lim estone exposure in  f i e l d  
north  o f  road along south l i n e  of SE 1/4 sec .  2, T. 22 N., 
R. 4 E.
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o f  the limestone revea ls  a sparse  macrofauna, probably molluscan, but no 
fu s u l in id s .  Examination o f  th in -se c t io n s  showed the  rock to  be a spergen ite  
o r  microcoquina composed o f  minute s h e l l  fragments and calcareous p e l l e t s ,  
probably a lg a l ,  A sample of the Cottonwood c o l le c te d  j u s t  south of the 
Arkansas River had an in so lub le  res idue  of 10,7 percen t,  the arenaceous 
component c o n s is t in g  la rg e ly  of the  s i l i c i f i e d  t e s t s  of micro-organisms 
(Appendix A),
The Cottonwood th in s  southward in Pawnee County, In the SW 1/4 
sec . 22, T. 22 N., R, 4 E ,,  the southernmost outcrop in which Cotton­
wood can d e f in i t e ly  be recognized, 1,2 f e e t  of limestone is  exposed. I t  
i s  l i g h t  gray , dense, f in e ly  c r y s t a l l i n e ,  and s l i g h t ly  s i l t y .  Here again 
s i l i c i f i e d  m ic ro fo ss i ls  occur in the in so lub le  component (Appendix A), 
Southward from t h i s  po in t the  Cottonwood i s  concealed beneath slump, 
alluvium, and te r r a c e  d e p o s i t s .  There a re  no recognizable exposures of 
Cottonwood south of Black Bear Creek, The outcrop p a t te rn  shown on P la te  
1 is  the  t r a c e  o f  a sandstone escarpment beneath which occurs a th in  c a l ­
careous mudstone conglomerate. The conglomerate occurs in  the  approxi­
mate s t r a t ig r a p h ie  p o s i t io n  o f  the Cottonwood f a r th e r  no rth .  On the 
s tre n g th  o f  i t s  s t r a t ig r a p h ie  p o s i t io n  and calcareous na tu re  the conglo­
merate has been t e n ta t i v e ly  equated to  the Cottonwood; but owing to  the 
u n ce r ta in ty  o f  th i s  c o r r e l a t io n ,  the t ra c e  of the Cottonwood shown south 
of Black Bear Creek may be only a rough approximation.
Representa tive  sec tio n s  of the Cottonwood limestone may be found 
in  Appendix D, sec tio n s  8 , 9 , and 10.
Paleontology. No id e n t i f i a b le  f o s s i l s  were seen in the Cotton­
wood limestone although a few macro-organisms a re  v i s ib l e  on the weathered
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surface  of the  limestone. Microscopic examination of the rock revea ls  
th a t  the m atrix  is  composed la rg e ly  of minute s h e l l  fragments and small 
rounded calcareous p e l l e t s ,  which may be of a lg a l  o r ig in ,
G arrison sh a le .
D e f in i t io n  and d i s t r i b u t io n .  As used in  th i s  r e p o r t  the  G arrison 
sha le  is  the top u n i t  of the Council Grove group. I t  includes the beds 
upward from the  top o f  the Cottonwood limestone to  the  base of the Wreford 
limestone. This d e f in i t io n  was o r ig in a l ly  proposed by P rosser (1902, p. 
712), who app lied  the  name to  exposures a t  the town of G arrison, Pottawa­
tomie County, Kansas. The name was discarded by Moore (1936, p. 251), 
who ra ised  the  various  members of the  Garrison to  formation rank w ith in  
the  Council Grove group.
The formations c o n s t i tu t in g  the Garrison sec tio n  in Kansas, 
Nebraska, and northern  Oklahoma cannot be id e n t i f i e d  in  Pawnee County, and 
in  th i s  re p o r t  the general term Garrison shale  has been r e ta in e d .  South 
o f  T. 22 N. the  disappearance o f  the  Wreford limestone from the  sec tio n  
p recludes accu ra te  separa t ion  of the  Garrison sandstones and shales  from 
those  o f  the overly ing  M atfie ld , The Council Grove-Chase con tac t  shown
in  T. 21 N. on P la te  1 i s  based p r in c ip a l ly  on topography and is  only an
es tim a te  of the  t r u e  p o s i t io n  of th e  co n tac t .
Thickness and c h a ra c te r .  In Kansas and Nebraska the rocks equi­
v a len t  to  the  G arrison c o n s is t  of gray and o l iv e  sha les  and gray lo c a l ly
ch e r ty  lim estones. Thickness of the  sequence is  about 135 f e e t  (Moore 
and o th e rs ,  1951, f i g .  16), In northern  Oklahoma Hruby (1955, p. 17) 
and Taylor (1953, PI. I l l )  reported  about 130 f e e t  o f  red and gray sh a le s ,
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f o s s i l i f e ro u s  gray limestones, and l e n t i c u l a r  sandstones between the 
Cottonwood and Wreford. Most of the  Kansas u n i t s  can be id e n t i f i e d  in 
northern  Oklahoma, but only the  Crouse limestone, which occurs about mid­
way in the sequence, has any p e r s i s t e n t  topographic express ion , F isher  
(1956, p. 42) t e n ta t i v e ly  id e n t i f i e d  the Crouse in  southwestern Osage 
County.
The rocks o f  the G arrison in te rv a l  in Pawnee County c o n s is t  of 
a poorly-exposed heterogeneous sequence of red sha les  and red to  tan l e n t i ­
c u la r  sandstones. The poor exposures and the  lack o f  recognizable beds 
w ith in  the  sequence prevent complete and d e ta i le d  measurement of the sec­
t io n  on the  su rface ,  but the corresponding in te rv a l  in  the subsurface, 
measured on e l e c t r i c  logs of holes s l i g h t ly  to  the  west o f  the outcrop, 
i s  about 140 f e e t  th ic k  (P la te  4 ) .  This compares to  125 f e e t  measured by 
F ish e r  (1956, p. 46) j u s t  across  th e  Arkansas River in southern Osage 
County,
Two o r more limestone zones are  p resen t in  the  lower p a r t  of 
th e  Garrison j u s t  south of the  Arkansas River. One of the se ,  p rev iously  
d iscussed  on page 131, occurs about 30 f e e t  above the  Cottonwood lime­
stone (Appendix D, sec tio n  9) and i s  probably the  southern extrem ity  of 
the  M o rr i l l  lim estone member of th e  B ea t t ie  limestone form ation. I t  i s  
the  only u n i t  w ith in  the  Garrison sec tion  th a t  can be c o r re la te d ,  even on 
a t e n ta t i v e  b a s i s ,  with the Kansas se c t io n .  I t  i s  l i g h t  gray and f in e ly  
c r y s t a l l i n e  and con ta ins  an abundance o f  small round a lg a l  p e l l e t s ,  which 
to g e th e r  with th e  in d i s t i n c t  o u t l in e s  o f  small s h e l l s ,  s tand  out in r e l i e f  
on the weathered su rface .  L e n t i l s  o f  conglomeratic limestone conta in ing  
rounded pebbles up to  2 inches in  length  occur in  the basa l  cross-bedded
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p ortion  of a th ic k  sandstone about 70 f e e t  above the  Cottonwood in sec ,  15, 
T. 23 N., R, 4 E, (Appendix D, se c t io n  8 ) .  Other limestones of un ce r ta in  
p o s i t io n  in the  G arrison se c t io n  occur in  the northern  p a r t  o f  the  outcrop 
b e l t .  These limestones a l l  pinch out southward, and none i s  p resen t in 
the  G arrison se c t io n  south of T. 23 N,
The amount and average g ra in  s iz e  o f  sandstone in the  G arrison 
inc rease  southward. In T, 21 N, many o f  the  sandstones in the  G arrison- 
M atfield  sequence a re  medium- to  coa rse -g ra ined  arkoses or subgraywackes. 
Most a re  f r i a b l e  and gen era lly  n o n - re s is ta n t ,  forming a gen tly  ro l l in g  
su rface  covered in  the  most p a r t  by sandy s o i l s .
Paleontology* A f o s s i l i f e r o u s  a lg a l  limestone occurs 30 f e e t  
above the base o f  the Garrison se c t io n  in the  northern  p a r t  o f  the  county, 
bu t no id e n t i f i a b l e  f o s s i l s  were seen in  t h i s  bed. Other p o rt ions  o f  the  
G arrison se c t io n  a re  apparen tly  n o n - fo s s i l i f e ro u s .
Chase Group
The Chase group is  the  upper d iv is io n  o f  the  Wolfcamp s e r ie s  in
the  western M idcontinent a rea .  As p re se n t ly  def ined , the  group inc ludes
those  beds from the  base of the  Wreford lim estone upward to  the  top o f  
th e  Nolans (Herington) lim estone. In southern Kansas and northern  Okla­
homa the  Chase group c o n s is ts  of over 340 f e e t  of red and green sha les
and p e r s i s t e n t  ch e r t -b ea r in g  l im es to n e s ,e ro s io n  o f  which has formed the 
major p o rt ion  o f  the  F l in t  H i l l s ,  Southward the  limestones th in  and t h e i r  
c h e r t  content d im inishes ab ru p tly .
In T, 23 N, the  Chase group i s  composed p r im arily  of sandstones 
and red sh a le s .  Only th in  remnants of four o f  the  ten  limestones in  the
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Figure 31. Generalized columnar sec tion  of the rocks 
of the Chase group (upper Wolfcamp) in Pawnee County.
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Kansas sec t io n  a re  p resen t -  the  Wreford, Fort R iley , W infield, and 
Herington. These limestones have a high sand content but contain  no chert  
(Appendix A). The Winfield limestone i s  the  youngest member of the Chase 
group in  Pawnee County, where about 300 f e e t  of the sec tio n  i s  exposed 
(F ig . 31). The subdiv isions o f  the group used in  t h i s  re p o r t  a re  shown 
in  Table 3, page 92. South of Pawnee County the rocks o f  the  Chase group 
grade l a t e r a l l y  in to  the Asher formation o f  c e n t ra l  Oklahoma,
Wreford lim estone .
D e f in i t io n  and d i s t r i b u t io n .  Hay (1693, p. 104) applied  the 
name Wreford to a cherty  limestone 25 f e e t  th ick  a t  the  town o f  Wreford, 
Geary County, Kansas. P rosser (1902, p. 713) defined the  limestone as the 
basal formation of the Chase s tag e ,  underlying the  M atfie ld  shales and 
overlying the  G arrison form ation, P ro s s e r 's  o r ig in a l  d e f in i t io n  i s  s t i l l  
v a l id  and i s  the  one used in  t h i s  re p o r t .  In Kansas the  Wreford has been 
divided in to  th re e  members (Moore and o th e rs ,  1951, p, 45),  but these 
d iv is io n s  have not been id e n t i f i e d  in  Oklahoma.
The Wreford i s  recognized from sou theas tern  Nebraska across 
Kansas in to  n o r th -c e n t r a l  Oklahoma, where i t  can be traced  as f a r  south as 
T. 20 N, In and south of T. 20 N, the Wreford d isappears  and th e re  i s  no 
d e te c ta b le  horizon on which the  G arrison and M atfield  sha les  — or  the 
Council Grove and Chase groups — may be separated .
Thickness and ch a ra c te r .  Moore and o the rs  (1951, p, 45) described 
the Wreford limestone of Kansas as two p a r t ly  cherty  limestone members 
separa ted  by gray sh a le .  Thickness o f  the  sequence ranges from 30 to  40 
f e e t .  In northern  Oklahoma the Wreford i s  e s s e n t i a l l y  a l l  limestone.
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The limestone i s  p a r t ly c h e r ty  and th in s  southward from 31 f e e t  in  T, 29 N,, 
R. 5 E.. (Taylor, 1953, p. 74) to  12 f e e t  in  T. 26 N., R. 4 E .,  (Noil, 1955, 
p. 39). Noll described  the  Wreford in  southern Kay County as a maroon to 
ta n  sandy a lg a l  lim estone.
B i l l in g s  (1956, p. 13) described the  Wreford in no rtheaste rn  
Noble County as " . . . tw o  a lg a l  limestone ledges separated  by s h a l e , . . . t h e  
s i l t  content inc reases  southw ard.. . . th e  lower ledge is  only a few inches 
th i c k ,"  B i l l in g s  a l so  noted th a t  a lg a l  bodies, probably o f  the genus 
Osaoia and rep laced  by lim on ite ,  a re  common in  the limestone.
In northwestern Pawnee County about midway between the Cotton­
wood and Fort R iley  limestones th e re  i s  a lim estone zone th a t  can be traced  
as f a r  south as sec . 1, T. 21 N., R. 3 E. On the  s tren g th  o f  i t s  s t r a t i ­
g raphie p o s i t io n  and a lg a l  con ten t t h i s  zone has been c o r re la te d  with the 
Wreford lim estone o f  northern  Oklahoma and Kansas. Abrupt f a c ie s  changes 
appear to be c h a r a c t e r i s t i c  o f  the  zone, although owing to  poor exposures 
in  t h i s  p a r t  o f  the  se c t io n ,  some o f  the  f a c ie s  v a r ia t io n  may be more 
apparent than r e a l ,  and the  p o s s i b i l i t y  e x i s t s  th a t  two o r  more beds have 
been mapped as one.
The Wreford is  bes t  developed in  the  northern  p a r t  o f  T, 22 N, 
and the southern p a r t  o f  T. 23 N., R. 4 E .,  where i t  forms a prominent 
escarpment both north  and south of Oklahoma Highway 15. A maximum of 7 
f e e t  has been ass igned  to  the  Wreford in  th i s  area  (Appendix D, sec t io n  6 ) .  
The lower 2 f e e t  c o n s is t s  of th in ly  interbedded f o s s i l i f e r o u s  limestone and 
red sha le .  The lim estone beds a re  a c o q u in ite  composed of m yalinid, 
p ec t in o id ,  and p roduc tid  (Linoproductus) s h e l l s .  The upper 5 f e e t  c o n s is ts  
p r in c ip a l ly  o f  h igh ly  leached ca lcareous  sandstone and sandy lim estone.
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Figure 32. Scarp-forming sandy phase of the  Wreford 
limestone exposed along the  north  s ide  o f  Oklahoma Highway 
15 in  SW 1/4 sec . 3, T. 22 N., R. 4 E. The p i t t e d  su rface ,  
leached appearance, and d i s t i n c t  bedding o f  th i s  exposure 
a re  ty p ic a l  of the  easternm ost outcrops o f  Wreford in Pawnee 
County. (Sun g la sse s  fo r  s c a l e . )
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Old exposures are  completely leached and appear to  be sandstone. They are  
s ta in e d  dark red by f e r r i c  oxide from ad jacen t shales and have a p i t t e d
su rface  and well d isplayed bedding (F ig , 32). F ish e r  (1956, Fig. 11)
d ep ic ts  a s im i la r ly  p i t t e d  surface  in the  Wreford exposures o f  southern 
Osage County, Close examination d isc lo se s  th a t  each p i t  conta ins  a sand­
s tone core , possib ly  the in te rn a l  mold of a b iva lve .  These " s te in k e rn s"  
and the  highly porous nature  o f  the  sandstone suggest th a t  p r io r  to  leach­
ing the rock may have been a f o s s i l i f e ro u s  calcareous sandstone. Fresh
exposures e x h ib i t  le s s  leaching and a re  white to  gray. L en t icu la r  masses 
o f  f o s s i l i f e ro u s  sandy gray lim estone, lo c a l ly  vuggy and highly r e c r y s ta l ­
l i z e d ,  occur a t  p laces in  the top p a r t  of the sandstone.
Where th e  Wreford is  exposed along the Arkansas River in  the  e a s t  
p a r t  of R. 3 E .,  i t  is  a red shaly  limestone about 0 .5  f e e t  th ick ,  con ta in ­
ing a sparse molluscan fauna and small l im on it ic  p e l l e t s  which a re  probably 
a l te r e d  a lg a l  m a te r ia l .  Generally the limestone i s  bounded above and below 
by red sha le ,  but lo c a l ly  a l e n t i c u l a r  bed o f  red d e l t a i c  sandstone up to 
20 f e e t  th ick  occurs immediately above the lim estone. The Wreford is  
composed of s im i la r  red limestone in  exposures along the road on the  
north  l in e  of secs .  31 and 32, T. 23 N,, R. 4 E ., but between these  two 
exposures, in  the  SE 1/4 sec , 25, T. 23 N., R. 3 E . , the Wreford i s  
represen ted  by about one foo t of dense l ig h t-g ra y  spe rgen ite  completely 
d i f f e r e n t  from th e  nearby red a lg a l  limestone. A s im i la r  change from the 
gray to  the red fa c ie s  occurs w ith in  one mile along the  road on the west 
l i n e  o f  sec. 18, T, 22 N., R. 4 E, Here th e re  i s  evidence of southward 
g rada tion  from gray to  red, possib ly  as the r e s u l t  of weathering to g e th e r  
w ith southward th inn ing  or p inchout. Two in so lub le  res idues  obtained from
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the  non-red fa c ie s  of the  Wreford in d ica te  a marked southward increase  of 
sand and s i l t  (Appendix A),
The Wreford exposure along the  road in the SW corner sec . 18 is  
the  southernmost exposure of the  limestone in  Pawnee County, I t  co n s is ts  
o f  a few inches of nodular dark-red  limestone encased in  red sha le ,  A 
few c r in o id  fragments occur in  the limestone, marking i t  as marine. South 
of th i s  po in t the  Wreford was mapped as f a r  as Black Bear Creek on the 
b a s is  o f  the escarpment of an overly ing sandstone, A limestone thought 
to  be Wreford i s  exposed beneath t h i s  sandstone in  a small o u t l i e r  north 
of Black Bear Creek in sec, 1, T, 21 N,, R, 3 E , , Noble County, This ou t­
crop in  Noble County is  the southernmost exposure of Wreford known 
(B i l l in g s ,  1956, p, 15),
An attem pt was made to  t r a c e  the sandstone overly ing th e  Wreford 
southward across  T, 21 N., R, 4 E , ,  but i t  was not p o ss ib le  to  d is t in g u is h  
th i s  sandstone from ad jacen t sandstones; hence the Council Grove-Chase 
con tac t shown on P la te  1 i s  an approximation drawn p r im arily  on the b as is  
o f  topography.
Paleontology, Few id e n t i f i a b le  f o s s i l s  were seen in the  Wreford 
s e c t io n .  The gray fa c ie s  con ta ins  lo c a l  concen tra tions  o f  myalinids and 
p e c t in o id s ,  and the  red fa c ie s  i s  ch a rac te r ized  by l im o n it ic  a lg a l  p e l l e t s ,  
(Osaqia?) .  c r in o id  d e b r is ,  and sundry small raollusk s h e l l s ,  Linoproductus 
sp, was c o l le c te d  from both f a c ie s ,
M atfieM  s M M .
D ef in i t io n  and d i s t r i b u t io n .  The M atfield  sha le  of th i s  rep o r t  
extends upward from the top of the Wreford limestone to  the base o f  the
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Fort Riley lim estone. The M atfie ld  was o r ig in a l ly  defined by Prosser 
(1902, p. 714) as 60 to  70 f e e t  of shale  and th in  lim estones overly ing 
the  Wreford lim estone and underlying the F lorence f l i n t .  This sec tion  
has subsequently  been divided in to  the Blue Springs and Wyraore shale  
members separated  by the Kinney limestone member (Condra and Upp, 1931, 
p, 37; Moore, 1936, p. 12), These members were id e n t i f i e d  as f a r  south 
as T, 27 N, in Kay County, Oklahoma (N oll, 1955, p, 43), South o f  th i s  
p o in t the Kinney lim estone i s  absent and the sha le  members cannot be 
d i f f e r e n t i a t e d .  The Florence f l i n t  member of the  Barneston formation, 
which defines  the  top o f  the  M atfie ld  shale  f a r th e r  north ,  does not occur 
in  Pawnee County, As used in  t h i s  re p o r t  the M atfie ld  is  an u nd iffe ren ­
t i a t e d  sec tio n  o f  red  sandstones and shales and probably includes a th in  
sec t io n  in the upper p a r t  th a t  is  equ iva len t to  the  lower p a r t  of the 
Barneston formation o f  Kansas.
The M atfie ld  sha le  occurs in  sou theas te rn  Nebraska, Kansas, and 
northern  Oklahoma. In Pawnee County the M atfie ld  cannot be d is t in g u ish ed  
from th e  underly ing  Garrison sha le  south o f  T, 22 N.
Thickness and c h a ra c te r .  The M atfield sha le  o f  Kansas c o n s is ts  
of two v a r ico lo red  sha le  u n i t s  separa ted  by a limestone; t o t a l  th ickness  
ranges from 50 to  80 f e e t  (Moore and o th e rs ,  1951, p. 45), A th ickness  of 
96 f e e t  was rep o r te d  in  northern  Kay County, Oklahoma, (Hruby, 1955, p. 26) 
and about 62 f e e t  in  southern Kay County (N oll,  1955, pp. 42-45), where 
the  sequence inc ludes  23 f e e t  of dark-red  shale  below and 35 f e e t  of tan  
c lay  shale  above separa ted  by 4 f e e t  of sandy a lg a l  limestone.
In Pawnee County the  bes t  exposures of the  M atfield sec tion  are  
in  the  b lu f f s  along the  Arkansas River (Appendix D, sec tio n  4 ). Here the
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u n i t  c o n s is ts  of about 100 f e e t  of red sh a les ,  th ick  l e n t i c u l a r  red sand­
s tones , and a few th in  nodular and conglomeratic lim estones. The lime­
stones pinch out ab rup tly  southward and the percentage of sandstone in 
the sec tio n  in c re a se s .
The red sha le  in  the  upper p a r t  of the  M atfield grades upward to  
gray sha le  about 8 f e e t  below the  F ort Riley limestone. This gray shale  
may be equ iva len t to  the Florence f l i n t  of the sec tio n  to  the  no rth ,  but 
fo r  convenience in mapping and because i t  i s  not re a d i ly  separab le  from the  
underlying red s h a le s ,  i t  has been included in the M atfield  sha le  se c t io n .
The l e n t i c u l a r i t y  o f  the sandstones in  the M atfield  i s  well 
i l l u s t r a t e d  in the  SW 1/4 sec .  24, T. 23 N ., R. 3 E., where a t  one p lace  
the Wreford i s  o v e r la in  by a r e s i s t a n t  massive to  cross-bedded sandstone 
more than 20 f e e t  th ic k .  Less than 50 f e e t  to  the west the  Wreford forms 
a small bench on the  s lope and th e re  i s  no evidence whatsoever of the over- 
ly ing  sandstone.
Paleontology. No f o s s i l s  were seen in the M atfie ld  sha le  of 
Pawnee County.
F o r i  Ril£X lim estone.
D e f in i t io n  and d i s t r i b u t i o n .  The name Fort Riley was given by 
Swallow (1866, p. 14) to  a prominent limestone exposed near Fort  R iley in  
Geary County, Kansas. Subsequent to  severa l r e d e f in i t i o n s ,  the  Fort Riley 
limestone i s  c u r re n t ly  considered  to  be the  top member o f  the  Barneston 
formation (Condra and Upp, 1931, p. 41), I t  i s  underla in  in  tu rn  by the  
Oketo sha le  member, which i s  commonly absen t, and the F lorence limestone 
(Florence f l i n t )  member. These subd iv is ions  of the Barneston formation
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are  recognized in Kansas and southeastern  Nebraska and have been traced  
southward across Kay County, Oklahoma, by Hruby (1955) and Noll (1955). 
Between Kay and Pawnee Counties the  cherty  Florence limestone member of 
the formation d isappears  and only a non-cherty limestone, here considered 
to  be the Fort Riley member, extends southward as f a r  as Pawnee County,
In southwestern Osage County (F isher (1956, p. 51) c o r re la te d  th i s  non- 
cherty  limestone with the e n t i r e  Barneston formation.
Exposures of Fort Riley limestone in Pawnee County occur only 
in R. 3 E, The limestone can be traced  southward across the county to  a 
poin t about 1,5 m iles north  of the  Noble County l i n e .  From th i s  po in t to 
the county l in e  no exposure of the limestone was found. The t rac e  of the 
Fort Riley outcrop shown on P la te  1 follows the sandstone escarpment under 
which most Fort  Riley limestone exposures in  the northern  p a r t  o f  the 
county occur.
The Geologic Map of Oklahoma (Miser, 1926, 1954) shows a la rg e  
o u t l i e r  of Fort Riley extending in to  the southwest corner of T. 21 N,,
R. 4 E. The ex is ten ce  of th i s  o u t l i e r  was not confirmed by the f i e ld  
work fo r  th i s  r e p o r t ,  although more re f ined  mapping may prove i t  to  be 
p re sen t.  Miser (1954) shows the Fort Riley continuing southward to  the  
Cimarron River in  T. 17 N., but B i l l in g s  (1956, p. 19) reported  only one 
i s o la te d  exposure o f  Fort Riley in  southern Noble County (T, 20 N .). I t  
seems un like ly  th a t  the  Fort Riley limestone extends much fa r th e r  south 
than th i s  exposure.
Thickness and c h a ra c te r .  Moore and others  (1951, p. 44) described 
the Fort Riley limestone of Kansas as 35 to  40 f e e t  of l ig h t-g ray  and tan  
limestone and th in  interbedded gray sha les .  Near the  base is  a massive
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bed o f  r e s i s t a n t  a lg a l  limestone. In northern  Kay County, Oklahoma, the 
Fort Riley c o n s is ts  o f  approximately 31 f e e t  of s o f t  l ig h t-g ra y  to bu ff  
lim estone with a massive a lg a l  bed more than 10 f e e t  th ic k  occurring 
lo c a l ly  in the lower p a r t  (Hruby, 1955, p, 35), According to Noll (1955, 
p, 48) the  Fort Riley in southern Kay County is  ty p ic a l ly  massive l i g h t -  
to  dark -tan  f o s s i l i f e r o u s  limestone con ta in ing  many a lg a l  beds in which 
the  a lg a l  p e l l e t s  have been replaced by lim onite , B i l l in g s  described the 
Fort Riley limestone of northern  Noble County as a f o s s i l i f e ro u s  a lg a l  
limestone, commonly jo in te d ,  averaging 3 f e e t  in th ickness  (B i l l in g s ,
1956, p. 19)«
In Pawnee County abrupt changes in f a c iè s ,  th ickness ,  and/or 
r e s is ta n c e  of the  Fort Riley beds e f f e c t iv e ly  prevent compilation o f  a 
complete Fort R iley sec t io n .  Maximum development o f  the limestone fa c ie s
occurs around the  Watchorn o i l  f i e l d  in  the southern p a r t  of T, 23 N,,
R, 3 E, In descr ib ing  these  exposures. Carpenter (1927, p. 1091) sa id ,  
" . . .T h i s  formation has l o s t  the  ca lcareous nature  i t  possesses in Kansas 
and northern  Oklahoma, and c o n s is ts  mostly o f  sand, with a limestone bed 
about 10 f e e t  th ic k  a t  i t s  b a s e . . . "  Carpenter assigned 25 f e e t  of sand­
s tone  above the  limestone to  the  Fort Riley sec tio n .
An 18 .5 - fo o t  s ec tio n  of F o rt  Riley composed o f  interbedded lime­
stone and gray sha le  i s  exposed a t  the  NE corner of sec. 5, I ,  22 N.,
R. 3 E. (Appendix D, sec tion  5 ) .  The lower 15 f e e t  c o n s is ts  of well 
bedded gray-brown dense s i l t y  limestone in  beds up to  one foot th ic k  sepa­
ra te d  by gray sh a le .  The limestone beds increase  in th ickness and number
in  the  upper p a r t  o f  the  sec t io n .  They contain a sparse  molluscan fauna.
Above the  bedded limestone i s  a 3 .5 - fo o t  e a lc a re n i te  composed p r in c ip a l ly
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Figure 33, Fort R iley lim estone, massive a lg a l  member, 
looking west from the SE corner sec. 20, T. 23 N,, R, 3 E, 
Limestone blocks a re  about 4 f e e t  th ic k .
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of small a lg a l  p e l l e t s ,  most o f  which have a l te r e d  to  lim onite .  This 
m a te r ia l  i s  p a r t ly  d is in te g ra te d ,  forming a yellow-brown a l g a l - p e l l e t  sand 
in  which occurs a sparse  molluscan fauna. Red sha le  and sandstone, proba­
bly the lower p a r t  of the Doyle s h a le ,  occur above the  a lg a l  zone.
In the  NE 1/4 sec. 29, T. 23 N., R. 3 E . , the  a lg a l  bed i s  a 
dense massive u n i t  about 3 f e e t  th ic k  which weathers dark brown. I t  is  
v e r t i c a l l y  f r a c tu re d  and weathers in to  la rge  blocks which l i t t e r  the slope 
below the outcrop and conceal the  well bedded portion  of the limestone 
(Fig. 33). Immediately above the  a lg a l  bed a t  th i s  lo c a t io n  i s  a 2 -foo t 
sec tion  of thin-bedded limestone con ta in ing  an abundant myalinid fauna.
In i t s  easternmost exposures along Oklahoma Highway 15 the Fort 
Riley i s  rep resen ted  by two 6 -inch  beds of limestone, both of which weather 
black, separa ted  by a th in  bed o f  gray sha le .  The lower limestone i s  dense, 
f in e ly  c r y s t a l l i n e ,  and l i g h t  gray on f resh  break. The upper bed i s  g ray- 
brown on f resh  break and i s  composed la rg e ly  o f  molluscan s h e l l s  and f rag ­
ments th e re o f .  These limestones and a th in  overly ing  sandstone do not 
appear to  be s u f f i c i e n t ly  r e s i s t a n t  to  account fo r  the  abrupt topographic 
break c h a r a c t e r i s t i c  of the  Fort R iley escarpment a t  t h i s  l o c a l i t y ,  and i t  
i s  not impossible th a t  a lower lim estone sec tio n  i s  concealed by slump.
Except fo r  these  th ree  exposures in  which lim estone predominates, 
the  Fort Riley escarpment i s  formed by a sandstone. Fragments of a lg a l  
or molluscan lim estone can g e n e ra l ly  be found in  the  f l o a t  below the sand­
stone escarpment, and although the  sandstone and lim estone were a t  no 
place seen in  p lace  to g e th e r ,  in d ic a t io n s  are  t h a t  the  Fort  R iley c o n s is ts  
o f  limestone o v e r la in  by a r e s i s t a n t  sandstone.
The sandstone th ickens to  14 f e e t  along the  south bank of Greasy
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Creek in  secs. 21 and 22, T. 23 N., R, 3 E . , where i t  forms a s teep  n o r th -  
facing b lu f f .  The upper p a r t  of the  sandstone is  highly calcareous and 
secondary depos its  of c r y s ta l l in e  c a l c i t e  up to  one inch th ick  occur in 
v e r t i c a l  f r a c tu r e s .  Impressions of pectino ids  a re  common. Algal lime­
stone f lo a t  was found beneath the escarpment a t  th i s  lo ca tio n .
I t  is  po ss ib le  th a t  the  a lg a l  limestone in  the Pawnee County 
sec tio n  c o r r e la te s  with the a lg a l  limestone near the base of the Fort 
Riley in  northern  Osage County and southern Kansas and th a t  the overly ing 
sandstone in  Pawnee County grades in to  th e  limes tones which c o n s t i tu te  the 
upper p a r t  o f  the Fort Riley sec tio n  f a r th e r  north .
The limestones of the F ort  Riley contain  between 15 and 20 percent 
in so lub le  m a te r ia l ,  which c o n s is ts  la rg e ly  of f in e -g ra in ed  quartz  sand 
(Appendix A), The sand content shows no notable  inc rease  e i th e r  northward 
o r  southward. D etailed  measurements of the  Fort Riley a re  l i s t e d  in 
Appendix D, sec t io n s  3, 4, and 5,
Paleontology. Although the  Fort Riley is  lo c a l ly  f o s s i l i f e ro u s ,  
f o s s i l s  a re  d i f f i c u l t  to  c o l le c t  or id e n t i fy .  Molluscan and a lg a l  forms 
predominate.
The following faunule was id e n t i f i e d  from the weathered a lg a l
limestone which caps the Fort Riley sec tion  in the SE corner sec, 33,
T. 23 N., R. 3 E . ,  and the  NW corner sec. 28, T. 23 N., R. 3 E.:
Bracbiopoda
Derbyia sp.
O rbiculoidea m issouriensis  (Shuraard)
Bryozoa





Doyle sh a le .
D e f in it io n  and d i s t r i b u t io n .  The Doyle sha le  o v e r l ie s  the Fort 
Riley limestone and underlies  the Winfield limestone. The name Doyle was 
f i r s t  app lied  by P rosser  (1902, p. 715) to  exposures along Doyle Creek in 
Marion County, Kansas, Condra and Upp (1931, p. 43) d iv ided  the Doyle in to  
th ree  members, the  Gage shale  above, underla in  in  tu rn  by the Towanda lime­
stone and the Holmesville sha le .  The members of the  Doyle formation a re  
recognized in Kansas, sou theas tern  Nebraska, and northern  Oklahoma, where 
Hruby (1955) and Noll (1955) mapped them across Kay County. F isher (1956, 
p, 55) a lso  id e n t i f i e d  these  subd iv is ions  in  southwestern Osage County, 
but the members of the  Doyle cannot be d i f f e r e n t i a t e d  in  Pawnee County, 
Doyle exposures occur in  westernmost Pawnee County and extend 
southward in to  Noble County, The southern ex ten t to  which the Doyle can 
be recognized is  not known.
Thickness and c h a ra c te r .  In Kansas the  Doyle shale  co n s is ts  o f  
two sha le  members separated  by a limestone and has an aggregate th ickness 
o f  about 70 f e e t  (Moore and o th e rs ,  1951, p, 44), Hruby (1955) and Noll 
(1955) reported  103 and 118 f e e t  of Doyle in northern  and southern Kay 
County, r e s p e c t iv e ly .  The Kay County sec tion  c o n s is ts  p rim arily  o f  red 
sha le  and th in  beds of lim estone, F isher  (1956, p, 55) assigned a th ic k ­
ness of 125 to  135 f e e t  to  the Doyle in southwestern Osage County,
In Pawnee County the Doyle is  represen ted  by th ick  red i n t e r -  
bedded sandstones and sh a le s .  The sec tio n  i s  poorly  exposed so th a t  a 
complete measurement of the su rface  sec tio n  was not ob ta ined . Measurements 
from e l e c t r i c  logs of bore holes j u s t  west of the outcrop show a th ickness 
of about 150 f e e t .  Carpenter (1927, p, 1091) described  the Doyle sec tion
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west of the Watchorn (Morrison) o i l  f i e l d  as 160 f e e t  of red sand and sha le .
The top and bottom of the  Doyle a re  ch a ra c te r ized  by beds of 
green shale  ranging from a few inches to  5 f e e t  th ick .  The green c o lo r  is  
probably secondary, r e s u l t in g  from reduction  of the f e r r i c  iron  of the red 
sediments. The Doyle sandstones are  highly cross-bedded to  massive and 
a t  places appear to  be deposited  on a channelled surface  (Appendix D, 
sec tion  3, bed 6 ) ,  The sandstones a re  g en e ra lly  coarse r  in the southern 
p a r t  of the county.
In the  NW 1/4 sec . 28 and the SE 1/4 sec. 17, T, 23 N,, R, 3 E ,,  
a porous red conglomerate composed o f  rounded limestone and sandstone 
pebbles up to  2 inches in  length occurs about 50 fe e t  above the Fort R iley .
S ca t te red  exposures of a dark-brown fo s s i l i f e ro u s  limestone occur 
20 to  30 f e e t  below the  W infield in  the northwest p a r t  o f  T. 22 N,, E. 3 E. 
This limestone is  b e s t  exposed along the  south s ide  of Oklahoma Highway 15 
in  the  NW 1/4 sec .  8. I t  g en e ra lly  occurs as f lo a t  in p ieces ranging up 
to  0 .7  f e e t  th ic k ,  capping slopes and small h i l l s  e a s t  o f  the W infield 
escarpment. The lim estone con ta ins  abundant mollusks which a re  seen only 
in  cross s ec t io n  on the weathered su rface .
Paleontology. F o ss i ls  were seen only in  the upper part of the 
Doyle sec tio n  in  two th in  lim estones. These f o s s i l s  a re  poorly preserved, 
p erm itt ing  only genera l i d e n t i f i c a t i o n .  The brown limestone 20 to  30 fe e t  
below the W infield conta ins  an abundant molluscan fauna including m yalin ids. 
Small h ig h -sp ired  gastropods and a few be lle rophon tids  occur in  a one-inch 
bed o f  nodular lim estone 2 fe e t  below the  Winfield (Appendix D, s ec tio n  1, 
bed 3 ) .  The nodular limestone i s  enclosed by var iega ted  sha les ,  suggest­
ing a f resh  or brack ish  water environment.
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Winfield l im estone .
D ef in i t io n  and d i s t r i b u t io n .  The Winfield limestone is  the 
uppermost Permian u n i t  exposed in Pawnee County, The name Winfield was 
f i r s t  app lied  by Prosser (1897, p p .64-66) to  13 f e e t  o f  concre tionary  
limestone exposed near the town o f W infield, Cowley County, Kansas, Condra 
and Upp (1931, p. 49) divided the  Winfield of sou theas te rn  Nebraska in to  
th ree  members, which Moore (1936a, p. 12) extended in to  northern  Kansas,
In southern Kansas and northern  Oklahoma these members have not been id e n t i ­
f ie d  and the  W infield is  the re  considered to  be a s in g le  u n i t .
The southern ex ten t of the  Winfield is  not known. Exposures of 
the limestone extend across Kay County as fa r  south as T. 26 N, From 
t h i s  point southward to  the  Kay-Noble County l i n e  the  t ra c e  of the Winfield 
outcrop is  based on topography (N oll, 1955, p. 55). The W infield lime­
s tone was mapped across  northern  Noble and southwestern Osage Counties by 
B i l l in g s  (1956) and F ish e r  (1956), r e sp e c t iv e ly .  The Winfield extends 
from Noble County eastward in to  Pawnee County in  T, 22 N ,, R, 3 E, I t  
appears to  grade in to  sandstone southward, but B i l l in g s  (idem, p. 27) 
reported  6 inches of dolomite 7 f e e t  below the  lower sandstone in  the 
E n te rp r ise  (Odell) sha le  o f  southern Noble County, B i l l in g s  id e n t i f i e d  
t h i s  dolomite as W infie ld . I t  d isappears  south o f  Black Bear Creek in  
sec , 1, T, 21 N,, R, 2 E,
Thickness and c h a ra c te r .  In western Pawnee County the red sand­
stones and sha les  o f  the Doyle a re  capped by about 7 f e e t  of thin-bedded 
sandstone, which con ta ins  th in  l e n t i c u l a r  beds of l ig h t - c o lo re d  non- 
f o s s i l i f e r o u s  ca lcareous sandstone and sandy limestone (Appendix D, sec­
t io n s  1 and 2 ) ,  This s ec tio n  has been c o r re la te d  with and mapped as the
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Figure 34. Well bedded scarp-forming calcareous sand­
stone exposed along the south s ide  of Oklahoma Highway 18 
in  the  NW 1/4 sec. 7, T. 22 N,, R. 3 E.; thought to  be the 
Pawnee County c o r re la t iv e  o f  the Winfield limestone of 
northern  Oklahoma and Kansas.
F igure 35. QutLiiers of W infield limestone, looking 
north  along e a s t  l in e  of sec . 7, T. 22 N., R. 3 E.
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W infield limestone (P la te  1). I t  is  bes t  exposed along Oklahoma Highway 
15 in secs .  6 and 7, T. 22 N., R. 3 E .,  where i t  forms an abrupt escarp ­
ment and severa l s teep  f la t - to p p e d  o u t l i e r s  (Figs 34 and 35).
The W infield limestone of southern Kansas and northern  Oklahoma
c o n s is ts  of 8 to  11 f e e t  of massive organic limestone. Noll (1955, p. 55) 
noted th a t  the limestone grades in to  shale  southward across T. 26 N. and 
shows signs of dying out. F isher  (1956, p. 58) described the W infield of 
southwestern Osage County as th re e  a lg a l  limestones con ta in ing  c r in o id ,  
brachiopod, and bryozoan fragments. Red shale  and s i l t s t o n e  separa te  
the  lim estones, forming an aggregate sec tion  15 f e e t  th ic k .
J u s t  west of Pawnee County in  the SE 1/4 sec . 1, T. 22 N,,
R. 2 E . , B i l l in g s  (1956, p. 27) described  the Winfield as 7 .5  fe e t  o f
limestone d i r e c t ly  beneath a 5 -fo o t  sandstone. The limestone is  highly 
f o s s i l i f e ro u s  con ta in ing  gastropods and small a lg a l  p e l l e t s  replaced by 
lim on ite .  The escarpment formed by th i s  sequence i s  a con tinua tion  o f  the 
one in I .  22 N ., R. 3 E . , along Oklahoma Highway 15. The 7 .5 - fo o t  lime­
stone in  Noble County probably th in s  and grades in to  the  lower p a r t  of the 
7 -foo t ca lcareous sandstone in  Pawnee County, though i t  may pinch out a l ­
most completely in to  the one-inch f o s s i l i f e ro u s  nodular limestone j u s t  
below the sandstone (Appendix D, sec t io n  1, po r tion  of bed 3 ).
A sample taken from one o f  the  more calcareous beds o f  the 
Winfield in the  exposures along Oklahoma Highway 15 y ie lded  an in so lub le  
res idue  of 24.1 percen t,  o f  which 19,1 percent co n s is ted  o f  f in e -g ra in ed  
q u a r tz  sand and s i l i c i f i e d  m icrofossi l s .Appendix A).
Southward from Oklahoma Highway 15 the  W infield escarpment 
dim inishes a b ru p tly  and blends in to  the  gen tly  r o l l in g  topography of the
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Red Beds P la in s .  Two miles south of Highway 15 the escarpment is  almost 
im perceptib le , and the  Winfield appears to  have graded in to  a th ic k  non- 
calcareous massive to  cross-bedded sandstone. The exposures of th i s  sand­
stone across the  southern p a r t  o f  the township a re  so i n d i s t i n c t  th a t  the  
t r a c e  of the outcrop shown on P la te  1 can be considered only an approxi­
mation.
The l i th o lo g y  of the W infield  of Pawnee County is  nothing l ik e  
th a t  o f  the  W infield to  the  north ,  but the s t r a t ig r a p h ie  in t e rv a l  between 
the  F ort  Riley and W infield i s  comparable to th a t  f a r th e r  north  and the 
physical c h a ra c te r  of the  Pawnee County Winfield i s  about what might be 
expected of the  ex trem ity  of a limestone which i s  dying out l a t e r a l l y .
The p o s s i b i l i t y  e x i s t s ,  however, th a t  the  Pawnee County c o r r e la t iv e  of 
the  W infield i s  th e  brown f o s s i l i f e r o u s  limestone in  the  upper p a r t  of the  
Doyle sec tio n  (d iscussed  on p, 151), r a th e r  than the scarp-forming sandy 
limestone above i t .  The c r y s t a l l i n e  f o s s i l i f e ro u s  na tu re  o f  the  lower 
limestone i s  perhaps more suggestive  of the widespread carbonate environ­
ment th a t  c h a ra c te r iz e d  Winfield depos it ion  to  the north  than i s  the non- 
f o s s i l i f e ro u s  h igh ly  sandy na tu re  of the overlying zone. Exposures of 
the  f o s s i l i f e r o u s  limestone a re  so s c a t te r e d  th a t  the bed cannot be mapped, 
bu t i t s  p o s i t io n  in  th e  s t r a t i g r a p h ie  sequence does not preclude i t s  
c o r r e l a t io n  with th e  W infield,
Paleonto logy, No f o s s i l s  were seen in  the  Winfield sec t io n  o f  
Pawnee County,
Quaternary System 
The P le is to cen e  and Recent d epos its  of Pawnee County a re  composed
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of  modern flood p la in  and o ld e r  t e r r a c e  m a te r ia ls .  Flood p la in  depos its  
c o n s is t in g  of g rav e l ,  sand, s i l t ,  and c lay  occur along the Arkansas and 
Cimarron Rivers, and coarse sand i s  c h a r a c t e r i s t i c  of the  alluvium of 
Black Bear Creek, In both cases the coarse m a te r ia l  has probably been 
derived  from sources upstream from Pawnee County, Fine m a te r ia l  i s  ty p ic a l  
of the alluvium of  the sm aller stream s, forming small patches of a rab le
bottom-land. This m a te r ia l  i s  p r im ar ily  o f  lo c a l  provenance.
Two d i s t i n c t  types o f  t e r r a c e  m a te r ia l  a re  p resen t  in Pawnee 
County — the red draped depos its  a s so c ia ted  with the  Arkansas and 
Cimarron River drainage systems and the  gray upland d ep o s its  o f  the Red 
Beds P la in s  in the western p a r t  o f  the  county,
A broken s t r i p  of red t e r r a c e  d ep o s i ts ,  a t  p laces  more than a 
mile wide, occurs along the  Arkansas River from north  o f  Ralston to  Key­
s tone ,  Red t e r r a c e  deposits  a l s o  occur in  the  d ra inage  basins  of some of 
th e  la rg e r  t r i b u t a r i e s  and a re  e s p e c ia l ly  ex tensive  near the  confluence 
o f  the  Arkansas and Cimarron Rivers, Much of the  area  around Skedee i s  
covered by t e r r a c e  m a te r ia l ,  which conceals th e  elsewhere prominent 
Brownville lim estone fo r  a d is ta n c e  o f  more than th re e  miles (P la te  1), 
Locally  a th ic k  bed of f l u v i a l  g rave l  l i e s  a t  the  base of the  te r r a c e  in
t h i s  a rea ,  providing a shallow source of f re sh  w ater .
The red te r r a c e  m a te r ia l  c o n s is t s  of u n s t r a t i f i e d  red s i l t y  c lay ,  
probably of eo l ian  o r ig in ,  with few i f  any coarse  components (Table 4 ) ,  
Where cu t  by streams or roads, the  outcrop i s  almost v e r t i c a l  and looks 
much l ik e  loess  (F ig , 36), The d ep o s its  occur on the  high b lu f f s  along 
the  Arkansas River as well as in  the drainage channels south of these  
b lu f f s  and aooear to  have been draoed over a su rface  o f  cons iderab le
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Figure 36. Exposure o f  Quaternary te r r a c e  m a te r ia l  
along road on south l in e  o f  sec. 26, T. 20 N., R. 9 E. 
L oess- like  appearance of the  outcrop i s  ty p ic a l .
topographic r e l i e f .  Apparent th icknesses  of over 30 f e e t  were noted a t  
severa l p laces ; but due to the  e f f e c t s  of draping, these measurements 
may be excessive .
The occurrence o f  upland te r r a c e  deposits  is  r e s t r i c t e d  to  th ree  
remnants, which cap d iv ides  in the gen tly  ro l l in g  Red Beds P la ins  region 
west o f  Pawnee (P la te  1). P ro jec tion  of the a re a l  ex ten t of these  deposits  
onto the Pawnee topographic quadrangle sheet revea ls  th a t  the su rface  of 
the  remnant in  R. 4 E. i s  80 to  100 f e e t  lower than th a t  of the two 
remnants in  R. 3 E. and suggests the former ex is tence  of one continuous 
su rface ,  now sloping  to  the  e a s t .  Rounded f lu v i a l  gravel was noted a t  
the  base of the upland te r ra c e  m a te r ia l  a t  two places in R. 4 E.
The upland deposits  d i f f e r  from the draped deposits  in many 
re sp e c ts .  The upland deposits  are  b u ff  to  gray, do not form v e r t i c a l  
exposures, nd do not occur in  lowland channels. Generally they a re
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TABLE 4











50 0.35 -  0 .30 m.g. sand 0.14 0.14
60 0.30 -  0.25 m.g. sand 0.10 0.24
70 0.25 -  0.21 f .g .  sand 0.06 0.30
80 0.21 -  0.177 f .g .  sand 0.10 0.40
100 0.177 -  0.149 f .g .  sand 0.30 0.70
120 0.149 -  0.125 f .g .  sand 2.32 3.02
140 0.125 -  0.105 v . f . g .  sand 4.28 7.30
170 0.105 -  0.088 v . f . g .  sand 6.00 13.30
200 0.088 -  0.074 v . f . g .  sand 7.00 20.30
230 0.074 -  0.062 v . f . g .  sand 9.00 29.30
pan 0.062 s i l t  and clay 70.80 100.10
* Sieve an a ly s is  of sample c o l le c te d  along road on south l in e  sec. 26, 
T. 20 N., R. 9 E.
th in n e r  and con ta in  a higher percentage o f  sand than the draped d ep o s its .  
These d if fe re n ces  suggest separa te  o r ig in s  fo r  the two types of dep o s it ,  
but s ince  they nowhere occur in  ju x ta p o s i t io n ,  i t  i s  d i f f i c u l t  to  a s c e r ta in  
t h e i r  age r e la t io n s h ip .  The wider a re a l  ex ten t  of the  draped te r ra c e  
and i t s  occurrence in a c t iv e ly  eroding drainage channels in d ica te  a l a t e r  
o r ig in  than th a t  o f  the  upland te r r a c e .
I t  i s  conceivable th a t  the upland te r r a c e  dep o s its  once occurred 
over a much wider area,forming the  surface  of a post-Permian peneplane. 
Rejuvenation and t i l t i n g  of th i s  su rface ,  perhaps combined with an
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inc rease  in p r e c i p i t a t io n ,  r e s u l te d  in  the d is s e c t io n  of the peneplane, 
destroying  i t  completely in  i t s  e a s te rn  portion  and e s ta b l ish in g  p resen t  
topographic t r e n d s .  The r e s u l t in g  topography was l a t e r  modified by loca l  
depos its  o f  wind-borne red s i l t s  and c lay s .  Erosion o f  these  younger 
depos its  of e o l ia n  te r r a c e  m a te r ia l  i s  c u r re n t ly  in  p rogress .
CHAPTER I I I  
SUBSURFACE STRATIGRAPHY
General Statement 
I t  i s  not the  purpose o f  th i s  r e p o r t  to  desc r ibe  in  d e t a i l  the 
s t r a t ig ra p h y  o f  the  subsurface rocks o f  Pawnee County, and the following 
account should be considered as a b r i e f  summary only. For those whose 
i n t e r e s t  i s  more than genera l ,  re fe rences  a re  c i t e d  from which more 
d e ta i le d  knowledge may be acquired .
The sedimentary sequence in  Pawnee County r e s t s  unconformably 
on an i r r e g u la r ly  eroded w est-s lop ing  su rface  o f  Precambrian p lu ten ic  
rocks ,  probably the  Spavinaw g ra n i t e  o r  i t s  eq u iv a le n t .  The sequence 
overly ing  the  g r a n i t e  comprises rocks of Upper Cambrian, Lower and Middle 
Ordovician, Lower M iss iss ipp ian , Middle and Upper Pennsylvanian, Lower 
Permian, and ( lo c a l ly )  Quaternary age. Except f o r  the  Quaternary, the 
sequence i s  c h a ra c te r iz e d  by s ta b le  s h e l f  d ep o s its  which were la id  down in 
the  te c to n ic  province known as the  C entra l Oklahoma p la tfo rm . Thickness 
o f  the sequence ranges from about 3,000 f e e t  in the  e a s te rn  p a r t  of the  
county to  about 5,000 f e e t  in  the  western p a r t .  The degree and d i r e c t io n  
of the dip o f  the beds i s  d i f f e r e n t  fo r  each system but i s  g en era lly  west­
ward. The p r in c ip a l  subd iv is ions  and r e l a t i v e  th icknesses  of the  rocks of 
each system a re  i l l u s t r a t e d  on the  accompanying e l e c t r i c  log c ro s s - se c t io n s
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(P la te s  3, 4, and 5 ).
Cambro-Qrdovician 
The o ld e s t  sediments in the Pawnee County sec tio n  are  those of 
the Arbuckle group. They are  predominantly dolomites and a re  underla in  
lo c a l ly  by a th in  basa l sandstone. These beds were deposited  in  an 
encroaching l a t e  Cambrian -  e a r ly  Ordovician sea in  which the highlands of 
the Precambrian su rface  became is la n d s ,  some of which ( in  Osage County) 
p e r s is te d  throughout Arbuckle time (I re lan d ,  1955, p, 496). Accordingly, 
the o lder  members of the Arbuckle sequence occur only in  the troughs 
between Precambrian highs, and the th ickness of the Arbuckle i s  notably 
th in n e r  over Precambrian highs than in Precambrian lows. I re la n d  (idem, 
ta b le  I I )  reported  a range of th ickness  from 63 f e e t  to  785 f e e t  fo r  the 
Arbuckle in f iv e  Pawnee County basement t e s t s .  These r e l a t iv e ly  th in  
Arbuckle sec tio n s  in d ic a te  th a t  the  Cambrian portion  of the Arbuckle is  
probably absent in  the  county,
A complete sec tio n  of Arbuckle is  d iv i s ib le  in to  10 members.
I t  i s  probable th a t  only the th re e  uppermost of these  ( the  Je ffe rso n  C ity ,  
C o tte r ,  and Powell do lom ites),  a l l  o f  Ordovician age, occur in  Pawnee 
County, The Arbuckle sec tion  can a lso  be zoned on the bas is  of in so lub le  
res idues  (op. c i t . ,  p, 472), but g en e ra lly  the rocks of the group a re  
t r e a te d  as a s in g le  u n i t  re fe r re d  to  simply as the Arbuckle group.
In Pawnee County the Arbuckle is  o i l  productive only a t  Lauder­
da le  (Table 6, p. 196), where production i s  from a leached zone a t  the 




Lying unconformably upon the  rocks of the  Arbuckle group is  the 
shale-sandstone sequence which forms the Simpson group. In n o r th -c e n tra l  
Oklahoma the rocks of th i s  group a re  divided, in ascending o rder, in to  the 
Burgen sandstone, Tyner sha le ,  and "Wilcox" sand. Aggregate th ickness of 
the  group in  Pawnee County i s  as much as 250 f e e t .
The "Wilcox" sand ( th e  name of which is  pre-empted by a lower 
Eocene sand in  the Gulf Coast a rea)  i s  one of the  p r in c ip a l  o il-p roducing  
r e s e rv o ir s  o f  Pawnee County as well as of the s t a t e  as a whole. According 
to  published da te ,  the  Simpson and Tucker sands as well as the "Wilcox" 
are  productive in Pawnee County (see  Table 6 ) ,  I t  should be noted th a t  
the  names Simpson and Tucker a re  thought to  be synonymous with "Wilcox" 
(Branson, 1954), Because o f  doubtful c o r re la t io n  with the type "Wilcox", 
a l l  production in the  county from re s e rv o ir s  in the  Simpson group should 
p roperly  be assigned to  the  Simpson u n d if f e re n t ia te d .
Above the Simpson group in  the  west and southwest p a r t  of the 
county is  the  Viola limestone, which i s  nowhere more than 50 fe e t  th ic k .  
This limestone produces o i l  from one well a t  Watchorn West (reported  as 
Simpson in Table 6 ) ,
A few opera to rs  have repo rted  th in  remnants o f  Sylvan shale 
above the  Viola in  w ells  in  the southwestern p a r t  of the  county, but 
according to  Tarr (1955, F ig , 1) the  Sylvan in Pawnee County has been 
completely removed by erosion .
The Ordovician rocks d iscussed  above a re  p rog ress ive ly  trunca ted  
to  the n o r th eas t  by p re-M iss iss ipp ian  u p l i f t  and eros ion ; hence Sylvan 
and Viola beds are  missina over a l l  or most of Pawnee Countv and the
163
"Wilcox" i s  absent in a narrow s t r i p  along the n o r th ea s t  border of the 
county ( I r e la n d ,  1955, f ig .  IB), Tyner and Burgen beds are  trunca ted  in 
tu rn  f a r th e r  toward the no rtheast and a re  absent in  no rtheastern  Osage 
County, where rocks of M ississipp ian  age l i e  d i r e c t ly  on the truncated  
edges of the  beds in  the Arbuckle group,
M iss iss ipp iaa  âYStem 
The lowermost M ississipp ian  u n i t  in  Pawnee County is  the wide­
spread black sha le  deposit of Kinderhook age known in Oklahoma as the
Woodford (Chattanooga) sha le .  The Woodford i s  commonly le ss  than 30 fe e t  
th ic k  and i s  p resen t over the e n t i r e  county, A basa l sand, the Misener, 
occurs lo c a l ly  beneath the Woodford, This sand i s  equ iva len t to  the 
Sylamore sandstone of the  surface  sec tio n  to  the  e a s t .
Above the  Woodford i s  a th ic k  limestone sec tio n  known by sub­
su rface  g e o lo g is ts  as the  M iss iss ipp i lime, Pre-Des Moines erosion  has 
removed a l l  but the  Osage portion  of th e  limestone in  Pawnee County, 
although f a r th e r  to  the south in Creek County th e  upper p a r t  of the  lime­
stone i s  o f  Meramec age (L, Jordan, 1955, personal communication). The 
M iss iss ipp i lime o f  Pawnee County i s  thought to  c o r r e l a te  with the  cherty  
limestones o f  the  Keokuk and Reeds Spring formations of the  su rface  sec tion  
in  n o r th eas te rn  Oklahoma, I t s  th ickness  g en era lly  ranges between 200 and 
300 f e e t ,  though lo c a l ly  i t  th in s  to  about 100 f e e t ,
A d e t r i t a l  sec tion  c o n s is t in g  p r im arily  o f  weathered c h e r t  occurs 
a t  p laces on th e  eroded surface  of the  limestone. This deposit  i s  known 
as the  M iss is s ip p i  cha t .
The Misenersand and the M iss iss ipp i lime are  both o i l  p roductive
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in  Pawnee County. Although no production  has been reported  from the chat,  
i t  is  productive elsewhere in  Oklahoma and should not be overlooked as a 
poss ib le  o i l  r e s e rv o ir ,
Pennsylvanian System 
Bocks o f  the  Des Moines, M issouri, and V irg i l  s e r ie s  a re  rep re ­
sented in  the  subsurface sec tio n  o f  Pawnee County, Their  aggregate th ic k ­
ness ranges from 2,200 f e e t  in  R. 10 E .,  where the  top of the sec tio n  has 
been trunca ted  by post-Perraian e ro s io n ,  to  3,400 f e e t  in R. 5 E .,  where 
the  sec tion  is  th ic k e s t  and most complete. Subdivision and key beds of 
t h i s  s ec tio n  a re  shown on P la tes  2, 3, and 4. P r in c ip a l  producing zones 
a re  l i s t e d  on Table 6 (p. 196).
Des Moines S er ies  
The eroded su rface  o f  the M iss iss ipp i lime i s  onlapped from 
the  sou theas t by sedimentary depos its  of Des Moines or Middle Pennsylvanian 
age. A basa l Pennsylvanian sand, the  Burgess, i s  developed lo c a l ly  im­
mediately above the  pre-Des Moines unconformity. The lowermost Des 
Moines u n i t  in  Pawnee County is  the  Savanna form ation, which is  over­
lapped to  the  northwest by the  Boggy formation, the  o ld e s t  Des Moines 
u n i t  th a t  extends completely across  the  county. The B a r t le s v i l l e  sand, 
which occurs a t  the  base of the Boggy, i s  well developed in the sou theas t 
p a r t  of the county, pinches out to  the  northwest concurrent with the  
onlap in the  same d i r e c t io n ,  and i s  developed only lo c a l ly  in the north ­
west p a r t  o f  the county.
The Des Moines sec tion  c o n s is t s  predominantly of marine shale  
interbedded with th in  limestones and l e n t i c u l a r  sandstones. I t s  th ickness
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decreases abrup tly  westward from approximately 1,050 fe e t  in  R. 10 E, to 
between 550 and 600 fe e t  in and west o f  R. 5 E. More than 300 f e e t  of 
th i s  th inning  can be a t t r ib u t e d  to  the loss  of s ec tio n  by onlap, as d i s ­
cussed above, and the  remainder i s  accounted fo r  by pre-M issouri t runca tion  
of the Des Moines sec tion  in the  west and c e n tra l  p a r t  of the  County, The
pre-M issouri unconformity i s  ev iden t on P la te  2, where 180 f e e t  o f  sec tion
is  trunca ted  westward across the  southern p a r t  of the county, P la te  3 
suggests northward onlap o f  th i s  e ro s io n a l  su rface  by Missouri sediments, 
but p la te  4 shows no evidence of e i t h e r  trunca tion  or onlap a t  the  Des 
Moines-Missouri con tac t.
From the s tandpoin t o f  o i l  production, the Des Moines s e r ie s  
is  the most p r o l i f i c  s t r a t ig r a p h ie  u n i t  in Pawnee County, Oil i s  produced 
from 11 separa te  zones (Table 6 ) ,  Of these ,  the B a r t l e s v i l l e  and Skinner 
sands, to g e th e r  with the ’’Wilcox" (Simpson) zone of the Ordovician system, 
account fo r  a m ajo rity  of the o i l  produced in the  county,
Missouri Series  
Missouri beds in  Pawnee County range upward from the basal
Seminole sandstone to  the d e l t a i c  sands and non-marine shales  o f  the
T a l lan t  formation. The th ickness  o f  a complete Missouri sec tio n  i s  about 
1,700 f e e t .  The sec tion  is  sand ie r  and contains more non-marine beds, 
p a r t i c u l a r ly  in  the  upper p a r t ,  than the  underlying Des Moines se c t io n .
The base o f  the Missouri s e r ie s  i s  unconformable. Basal 
Missouri beds apparen tly  onlap the trunca ted  Des Moines sec tio n  toward the 
north  (see d iscuss ion  above). An unconformity w ith in  the Missouri s e r ie s  
i s  suggested by the  marked th inn ing  of the sec tion  between the C offey v il le
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and Chanute formations toward the  north  and west. The th inning i s  evident 
on P la tes  2, 3, and 4, E le c t r ic  log c o r re la t io n  in th i s  sec tion  i s  un­
c e r ta in  in  Pawnee County and does not permit accu ra te  determ ination of the 
s t r a t ig r a p h ie  p o s i t io n  of the unconformity, but i t  may correspond to  the 
one reported  by Lukert (1949, p. 149) separa ting  the Skiatook and Ochelata 
groups. A second unconformity w ith in  the  Missouri s ec tio n  i s  ind ica ted  
in  the lower p a r t  of the  Wann formation, p a r t i c u la r ly  on P la te  2, which 
shows almost complete tru n ca t io n  of the lower p a r t  o f  the Wann in e a s te rn ­
most Pawnee County, This unconformity appears to  d ie  out westward, and in  
the  c e n t r a l  and western portions  of the county the  Wann sec tion  appears 
to  be complete. Because o f  the narrow north -sou th  dimension o f  ea s te rn  
Pawnee County, where the  e f f e c t  of the  unconformity i s  the g r e a te s t ,  
fu r th e r  study o f  the  l a t e r a l  ex ten t o f  th i s  t ru n c a t io n  in  Creek and Usage 
Counties w i l l  be necessary before  the  s t r a t ig r a p h ie  importance o f  the 
h ia tu s  becomes ev iden t .  I f  such a study s u b s ta n t ia te s  the p resen t of the 
unconformity, the  subd iv is ion  o f  th i s  po r t io n  of the  Missouri s e r ie s  should 
be rev ised .
The lower Wann unconformity is  the  h ig h e s t ,  s t r a t ig r a p h ic a l ly ,  
fo r  which s u b s ta n t ia t in g  evidence was noted in e i t h e r  the surface  or sub­
su rface  s e c t io n s .  Neither the  e ro s io n a l  break repo rted  by Lukert (idem, 
p, 145) a t  the base of the Tonkawa (Bigheart) sand nor the break reported  
by Oakes (1952, p, 93) a t  the M issouri-V irg il  boundary i s  evident in 
Pawnee County,
Missouri u n i ts  which a re  productive of o i l  o r  gas in Pawnee 
County include the Cleveland, Layton, and Tonkawa sands (Table 6 ) ,  The 
names Cleveland and Layton were f i r s t  app lied  to  sands in the Cleveland
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f i e l d .  These sands a re  productive a t  p laces a l l  across Pawnee County.
The Tonkawa (B igheart)  sand crops out in the eas te rn  p a r t  of the county 
and i s  productive only in western Pawnee County, where i t  produces gas 
in  the  Watchorn North f i e l d ,
V irg i l  S e r ie s
The s t r a t ig ra p h y  o f  the  V irg i l  s e r ie s  in Pawnee County i s  d i s ­
cussed in  the  ch ap te r  on su rface  s t r a t ig ra p h y  (Chapter I I ) ,  The e l e c t r i c  
log c ro s s - se c t io n s  show no evidence of unconformity a t  the  base, a t  the 
top, o r  w ith in  th e  V irg i l  s e c t io n .
Several sands in  the V irg i l  sec tion  a re  o i l  productive in  Noble 
County, downdip and to  the  west of Pawnee County (Page, 1955, p, 7 ) ,  bu t 
only one V irg i l  sand has been rep o r ted  productive in  Pawnee County, This 
sand, the  Hoover, i s  equ iva len t to  one or both o f  the middle Elgin sand­
s tones of the su rface  sec tio n .  I t  produces gas in the  Watchorn East 
f i e l d  in T, 23 N,, R, 3 E.
Permian System
WoIfcamp S eries  
The s t r a t ig r a p h y  of the  Permian beds of Pawnee County i s  a lso  
d iscussed  in Chapter I I ,  Study o f  th e  e l e c t r i c  log c ro s s - se c t io n s  con­
firmed the  conclusion  drawn from f i e l d  work th a t  the Wolfcamp beds are  
an e s s e n t i a l l y  u n in te r ru p ted  co n t in u a tio n  of Pennsylvanian sedim entation. 
Unconformities, i f  p re sen t ,  a re  not recognizable .
Page (idem, p , 5) rep o r ted  o i l  production from severa l Wolfcamp 
sands to  th e  west in Noble County, but no Wolfcamp production i s  known
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in  Pawnee County, The same r e s e rv o i r  beds occur in  both coun ties ,  but 




Surface S tru c tu re  
The p r in c ip a l  s t r u c tu r a l  f e a tu re  of the su rface  rocks of Pawnee 
County i s  t h e i r  gen t le  horaoclinal dip toward the west. The county forms 
a p a r t  of the  P r a i r i e  P la ins  homocline, a reg iona l post-Permian s t ru c tu re  
in the  Pennsylvanian and Permian beds west of the  Ozark dome. Truncated 
edges o f  sedimentary u n i t s  a re  exposed in  long p a r a l l e l  b e l t s  extending 
northward without in te r ru p t io n  from so u th -c e n tra l  Oklahoma in to  south­
eas te rn  Nebraska. The d ip  o f  the  homocline in  n o r th -c e n t r a l  Oklahoma is  
approximately due west and ranges between 30 and 65 f e e t  per m ile . I t  is  
in te r ru p te d  lo c a l ly  by no r th - tren d in g  b e l t s  o f  en echelon f a u l t s  and by 
g e n t le  " P la in s - ty p e ” fo ld s .
Fau lt ing
A broad b e l t  o f  en echelon fa u l t in g  extends northward from
southern Seminole and Hughes Counties across Okfuskee, Creek, and eas te rn
Pawnee Counties in to  northern  Osage County (Miser, 1926, 1955), According
to  Moore and Landes (1937), th i s  f a u l t in g  does not extend in to  Kansas.
As described  by Path (1920, p. 78)
These f a u l t s . . . a r e  of the  normal type and a re  noteworthy not only 
because of t h e i r  approximate p a ra l le l is m  but a l so  because of th e i r
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grouping in to  b e l t s  or s e r ie s  which a lso  have a p a r a l l e l  trend , 
although in  a d i f f e r e n t  d i r e c t io n .  Most of the ind iv idua l  f a u l t s  
trend about N. 20°-45° W. and l i e  en echelon to  one another in  such 
a manner t h a t  the l in e a r  b e l t s  or s e r ie s  in to  which they are  grouped 
trend from north  to  N, 25° E . , or roughly a t  an angle of 45° with 
the trend  of the  f a u l t s .  The f a u l t s  are  of minor magnitude both in 
v e r t i c a l  displacement and a re a l  e x te n t ,  the la rg e s t  s t r a t ig r a p h ie  
throw observed,,,am ounting to about 130 f e e t  and the g re a te s t  
length to  about 3% m iles .  As a genera l ru le  they a re  s t r a i g h t ,  
but some have s l i g h t ly  carved t r a c e s .
The en echelon f a u l t s  have been d iscussed by many a u th o r i t i e s ,  
who have o ffe red  almost as many d i f f e r e n t  explanations of t h e i r  o r ig in .
The most probable explanations were f i r s t  proposed by Fath (1920) and 
S h e r r i l l  (1929), Fath recognized a c lo se  re la t io n s h ip  between the  fa u l t in g  
and folding of the  reg ion . He a t t r ib u t e d  both to  h o r izo n ta l  movement in 
the  basement along p re -e x is t in g  planes o f  weakness, suggesting th a t  the 
overly ing sediments reac ted  pass iv e ly  to  the movement and, being le s s  
competent than the  basement, absorbed much of the s t r e s s  by fo ld in g .  En 
echelon breaks were produced where te n s io n a l  s t r e s s e s  w ith in  the  sediments 
above the  p lane of movement exceeded the  rup ture  po in t o f  the  sediments,
S h e r r i l l  pointed out th a t  the  degree of west dip  o f  the  homo­
c l in e  inc reases  southward and a t t r i b u t e d  the f a u l t in g  to  the to r s io n  thus 
produced.
The youngest beds known to  be a f fe c te d  by the  fa u l t in g  a re  of 
l a t e  Wolfcamp age, in d ica t in g  th a t  the  f a u l t s  were formed in post-Wolfcamp 
time, but the a v a i la b le  data  do not permit p rec ise  determ ination  of the 
age of f a u l t in g ,  Melton (1930) r e la te d  the f a u l t in g  to  s t r e s s e s  produced 
in  a Permian spasm of Ouachita th ru s t in g ;  Tanner (1956, p. 128), using 
S h e r r i l l ' s  theo ry , p o s tu la ted  th a t  the  fa u l t in g  took place during the 
Permian as a r e s u l t  of to r s io n  caused by Permian downwarp of the Anadarko
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bas in  in  the  southwest portion  of the  homocline; and Levorsen (1930, 
p. 313) c o r r e l a te d  the f a u l t in g  with post-Permian t i l t i n g  o f  the P r a i r i e  
P la in s  homocline. Subsurface data on the f a u l t s  a re  genera lly  lacking, 
but i t  i s  thought th a t  they d ie  out downward a t  a r e l a t iv e ly  shallow depth, 
probably above the  M ississippian  (Levorsen, 1930, p. 313)
In Pawnee County 17 probable f a u l t s  were mapped, mostly on the 
b a s is  o f  l in e a t io n s  v i s ib l e  on the a e r i a l  photographs. Many of the  f a u l t s  
occur in a sha le-sandstone  sequence contain ing  no d is t in g u ish ab le  marker 
beds, and in  th e se  Cases i t  i s  g en e ra lly  impossible to  s u b s ta n t ia te  the 
p resence o f  f a u l t in g  by f i e ld  r e la t io n s h ip s  or to  d i f f e r e n t i a t e  between 
th e  d isappearance o f  a bed by f a u l t in g  or by p inchout.
S u b s ta n t ia t in g  f i e l d  evidence is  av a i lab le  a t  some p laces ,  
however. The f a u l t  in  sec, 6, T. 20 N.« R. 8 E . , cu ts  the Lecompton lime­
s to n e ,  and an overly ing  limestone lens  appears to  be b recc ia ted  adjacent 
to  the  f a u l t .  In sec. 31, T. 20 N., R. 8 E . , a f a u l t  was su b s tan tia ted
mainly on the  b a s is  of a gas seep along i t s  t r a c e .  A second gas seep
was observed in  House Creek in  sec . 32, T. 20 N., R. 8 E .,  where the 
course of the  creek i s  d iv e r ted  southward by a f a u l t .  In the  NE corner
T. 21 N., R. 7 E .,  and in the  NW corner T, 20 N., R. 6 E .,  key limestone
beds a re  measurably d isp laced  by f a u l t in g .
In e a s te rn  Pawnee County a well defined b e l t  of en echelon f a u l t ­
ing extends northward across the county along the west border of R, 8 E. 
The s ix  f a u l t s  in  the Pawnee County portion  o f  th i s  b e l t  range in  s t r i k e  
from N. 10° W, to  N. 65° W. and in  length from 1 to  2 m iles .  The f a u l t s  
a r e  downthrown e i th e r  to  the n o r th ea s t  or to  the southwest. At no place 
was the  throw measured, but judging from s t r a t ig r a p h ie  displacements, a l l
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movements were le s s  than 100 f e e t .
A branch o f  th i s  n o r th - t re n d in g  f a u l t  b e l t  extends northeastward 
across the c e n t r a l  p a r t  o f  the county. The f a u l t s  of th i s  b e l t  a re  from 
1 to 3 miles in length and with one exception s t r i k e  north northwest, A 
throw of 90 f e e t  was measured on the f a u l t  in  sec, 4, T, 20 N ,, R, 6 E ,,  
along the road on the north  l in e  o f  th e  township. The throw of the o ther  
f a u l t s  was not e s ta b l ish e d .
Evidence o f  fa u l t in g  in the  north and west p a r ts  o f  the county 
i s  genera lly  lack ing .  Only one small f a u l t  was mapped, th a t  being in  the 
sou theas t p a r t  o f  I ,  23 N,, R, 3 E, The proximity of th i s  f a u l t  to  two 
of  the copper d ep o s its  d iscussed in  Chapter VI suggests a gene tic  r e l a ­
t io n sh ip  between f a u l t in g  and copper depo s it io n ,  and i t  i s  poss ib le  than 
in  Pawnee County the  occurrence o f  copper i s  an in d ica tio n  of f a u l t in g .
F au l ts  in  ad d i t io n  to  those  shown on P la te  1 may well be p re se n t .  
At severa l p laces  hand le v e l in g  in d ic a te s  v e r t i c a l  displacement o f  beds 
on opposite  s id e s  o f  a v a l ley ;  a t  o th e r  places fa u l t in g  i s  suggested by 
l in e a t io n  o f  outcrop p a t te rn ;  but a c tu a l  displacement o f  beds cannot be 
e s ta b l ish e d  by reconnaissance mapping alone. En echelon n o r th e a s t -  
s t r ik in g  l in e a t io n s  of considerab le  length a re  evident on P la te  1 both to  
the  north  and to  the south of the  town of Pawnee, The bed of Camp Creek 
follows one such l in e a t io n  fo r  about 4 miles in  the  southwest p a r t  of 
T, 21 N,, R, 5 E. P a r a l l e l  n o r th e a s t - s t r ik in g  l in e a t io n s  a re  ev ident in 
the  outcrop p a t te rn  o f  the  Red Eagle and Long Creek limestones immediately 
no r th ea s t  o f  Pawnee Lake, A secondary n o r th w es t-s tr ik in g  system of f a u l t s  
o r  j o i n t s  south o f  Pawnee i s  suggested by the  small f a u l t  along the  e a s t  
l i n e  of Ti 21 N«. R̂  4 E , . by the  p o ss ib le  con tinua tion  of th i s  f a u l t
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toward the northwest, and by p a r a l l e l  l in e a t io n s  in  the  SW corner T. 21 N.,
R. 5 E , , and NE corner T. 20 N., R. 4 E.
Folding
P la in s- ty p e  fo lds  a re  well known in  Osage County, Oklahoma, 
where they occur as small domes, a n t i c l i n e s ,  and noses in the  surface  
rocks . Most o f  these  s t ru c tu re s  become more pronounced a t  depth. Ac­
cording to  Powers (1931), p la in s - ty p e  fo lds  occur where l a t e r a l  compressive
forces  in  the basement rocks were reso lved  in to  v e r t i c a l  movement by pre­
e x is t in g  zones of weakness, forming highs in the g r a n i te  basement. Re­
cu r ren t  movement during Pennsylvanian time produced s t r u c tu re s  which have 
the  g r e a te s t  f lex u re  in pre-Pennsylvanian beds. Folding decreases upward 
w ith in  the Pennsylvanian sec tio n  and becomes bare ly  d is c e rn ib le  in the  
su rface  beds, which experienced the l e a s t  number o f  u p l i f t s .  Later work 
has shown th a t  the  major u p l i f t  occurred an e a r ly  Pennsylvanian time, 
although re c u r re n t  movement d id  take place throughout the  Pennsylvanian 
( e ,g .  Page, 1955, p, 16, f i g ,  3 ) ,
Reconnaissance mapping o f  Pawnee County revea led  only th ree  
a n t i c l i n a l  s t r u c tu re s  in  su rface  beds; but severa l subsurface s t ru c tu re s  
were shown, p a r t i c u la r ly  in  the  e a s te rn  p a r t  of the  county, on maps 
published by Greene (1930, p i .  I l l )  and Ire lan d  (1955, f i g ,  1 ) ,  These 
s t r u c tu re s  a re  in  a l l  p ro b a b i l i ty  "P la in s"  type fo ld s  l i k e  those in 
ad jacen t Osage County, Those ev iden t a t  the su rface  a re  expressed as in -  
l i e r s  or o the r  d ev ia t io n s  from a normal p a t te rn  o f  outcrop but a re  not 
r e a d i ly  apparent to  the  casual observer.
The Watchorn pool in the so u th -c e n tra l  p a r t  of T, 25 N ., R. 3 E , ,
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produces from a s t r u c tu re  formerly known as the Otoe a n t i c l i n e .  This 
s t r u c tu re  i s  expressed a t  the surface  as a breached f e n s te r  in  the  Fort 
Riley limestone (P la te  1), According to  Carpenter (1927, p. 1091), 
c losu re  on t h i s  s t r u c tu re  increases  from approximately 50 f e e t  in  the 
su rface  beds to  about 150 f e e t  on the  "Wilcox" sand, some 4,000 f e e t  deep. 
Other s t r u c tu re s  evident a t  the su rface  a re  the  small f e n s te r  in  the  Red 
Eagle limestone in the  SE 1/4 sec. 33, I .  21 N ., R. 5 E .,  and the  la rg e r  
one in the Long Creek limestone in sec . 21, T. 22 N,, R, 5 E. The former 
s t ru c tu re  was d r i l l e d  in 1953, r e s u l t in g  in  a small o i l  producer from the  
Prue sand (Bryan NW). The l a t t e r  was to  have been d r i l l e d  in  1955, but 
to  da te  no w ell has been rep o r ted .  The Ralston a n t i c l i n e  in  the  northern  
p a r t  o f  T. 23 N., R. 5 E ., was o r ig in a l ly  mapped by su rface  g e o lo g is ts ,  
but the s t r u c tu r e  is  too s u b t le  to  be de tec ted  by reconnaissance methods.
Subsurface S tru c tu re  
Whereas the reg io n a l  dip o f  the  Upper Pennsylvanian and Lower 
Permian beds i s  approximately due w est, the  d ip  o f  pre-M issouri beds in 
Pawnee County i s  genera lly  southwest and ranges from 45 to  75 f e e t  per 
m ile . This d ip  i s  the r e s u l t a n t  o f  a south and southwest dip imparted to 
the beds by th re e  s tages  of pre-Pennsylvanian t i l t i n g  combined with the  
west dip imparted by post-Wolfcamp t i l t i n g .  The s t r u c t u r a l  deformation 
and eros ion  which produced t h i s  dip and o the r  s t r u c t u r a l  f e a tu re s  ev ident 
in  the subsurface  can be summarized as follows:
1) Post-Arbuckle; gen t le  warping and southwest t i l t ;  moderate 
reg io n a l  tru n ca tio n  toward the  no r th eas t ;
2) P re -M ississ ipp ian : g e n t le  warping and southwest t i l t ;  reg iona l
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t ru n ca t io n  toward the n o r th ea s t ;
3) Pre-Des Moines (probably Wichita orogeny): lo c a l  f a u l t in g  and 
fo ld ing ; south t i l t ;  reg io n a l  trunca tion  toward the north;
4) Post-Des Moines: g en t le  warping; minor reg iona l trunca tion ;
5) Late Missouri (Arbuckle orogeny): per iod ic  g en t le  warping and 
north t i l t ;  moderate reg iona l trunca tion  toward the south;
6) Pennsylvanian-Permian: rec u r re n t  u p l i f t  of  lo c a l  s t ru c tu re ;
7) Post-Wolfcamp: west t i l t ;  en echelon f a u l t in g  (? ) ;  peneplanation;
8) P le is to cen e  (? ) :  re juvena tion ; renewed west t i l t  and eros ion .
Some p re -M iss iss ipp ian  u p l i f t  is  recognized in most of the  
s t r u c t u r a l  highs of n o r th -c e n tra l  Oklahoma but the most profound s t r u c t u r a l  
deformation occurred in  l a t e  M ississipp ian  or e a r ly  Pennsylvanian time.
This deformation was probably induced by the Wichita orogeny, which cen­
te re d  in  southwestern Oklahoma. Since th a t  time te c to n ic  movement has 
been l im ited  la rg e ly  to  g en t le  warping, t i l t i n g ,  and recu rren t  u p l i f t  of 
pre-Pennsylvanian highs. Accordingly, most of the s ig n i f i c a n t  s t r u c tu r a l  
highs in  pre-Pennsylvanian s t r a t a  a re  r e f le c te d  in  the  overlying Pennsyl­
vanian beds but le s s  sharp ly .  I t  i s  genera lly  t ru e  th a t  pre-Pennsylvanian 
s t r u c tu re s  o f  r e l a t i v e l y  g re a t  amplitude occur as c losed  highs in the  
su rface  beds, those  o f  medium amplitude occur as noses, and those of small 
amplitude a re  la rg e ly  or completely masked. The Otoe a n t ic l i n e  (Watchorn 
pool) in  western Pawnee County i s  an example of a pre-Pennsylvanian 
s t r u c tu re  o f  r e l a t i v e l y  g re a t  am plitude. This s t ru c tu re  has about 100 
f e e t  more v e r t i c a l  c lo su re  on pre-Pennsylvanian horizons than i t  has on 
the  Permian Fort Riley limestone (Carpenter, 1927, p, 1091).
A m a jo r i ty  o f  the  o i l  and gas accumulation in  Pawnee County can
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be a t t r ib u t e d  to  s t ru c tu re .  Keystone, Cleveland, Lauderdale, East 
Watchorn, Watchorn, Masham, T e r l to n ,  and severa l o f  the sm aller pools a re  
p r im arily  a n t i c l i n a l  accumulations; f a u l t in g  plays an important p a r t  in 
c o n t ro l l in g  accumulation a t  Masham, East Watchorn, and Maramec; and 
s t r a t ig r a p h ie  entrapment is  the cause of accumulation in  the  Red Fork 
shoes tr ing  sand in the  Keystone area  (White, 1941), in the Tucker sand a t  
Maramec E ast,  and in  many o f  the re c e n t ly  discovered r e s e rv o i r s .  The 
importance o f  the  s t r a t ig r a p h ie  t r a p  i s  expected to  inc rease  as explo­
ra t io n  and development continue.
CHAPTER V
GEOLOGIC HISTORY 
In te r p r e ta t io n  of the foregoing s t r a t ig r a p h ie  and s t r u c tu r a l  
data  and in te g ra t io n  o f  the  in te rp re te d  data  with the e s ta b l ish e d  sequence 
o f  geologic events in  the  southern Mid-Continent a rea  permit us to  recon­
s t r u c t  in  a genera l way the  geologic h is to ry  o f  Pawnee County,
The Precambrian h is to ry  of the  area i s  almost completely unknown, 
due mostly to  the  th ic k  cover of Paleozoic sediments and the  lack of eco­
nomic incen tive  to  explore  Precambrian igneous rocks in  the  subsurface . 
Paleozoic h is to ry  dates  from the  Upper Cambrian, the  age of the  o ld e s t  
sedimentary d ep o s its  in  the  a rea .
Eastward encroachment o f  the Cambrian sea g radua lly  inundated a l l  
but the h ighest p o in ts  o f  the i r r e g u l a r  surface  developed by pre-Paleozo ic  
eros ion  o f  the  Precambrian igneous complex of the  Mid-Continent a re a .  The 
sea f i r s t  covered Pawnee County in  l a t e  Cambrian (Croix ian) and/or e a r ly  
Ordovician (Canadian) time, when the rocks of the  Arbuckle group were la id  
down. Arbuckle depo s it io n  was followed by genera l emergence accompanied 
by g en tle  warping and s l i g h t  t i l t i n g  toward the southwest. The t i l t i n g  
and subsequent eros ion  r e su l te d  in  the  removal o f  uppermost Arbuckle beds 
in  p a r t  of Pawnee County and g e n t le  tru n ca t io n  o f  p rog ress ive ly  o ld e r  beds 
northeastward from Pawnee County ( I re la n d ,  1955, f ig .  2A). Sediments of
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th e  Simpson group (Chazy) were deposited  on the  eroded Arbuckle su rface
and were followed more or le ss  conformably by the  Viola , Sylvan, and
Hunton form ations.
As repo rted  by Tarr (1955, p. 185),
Following the deposit ion  o f  the Hunton form ation, the  region of 
Oklahoma was sub jec ted  to  a period  of u p l i f t ,  fo ld ing ,  and ero­
sion which s tr ip p e d  o f f  a l l  rocks down to the  Arbuckle formation 
i ?2 sev e ra l  o f  the n o r th ea s te rn  counties  of Oklahoma, even c u t t in g  
nearly  to  g r a n i te  in  severa l s t r u c tu re s .
This eros ion  completely removed the  Hunton and Sylvan formations in 
Pawnee County and l e f t  only remnants of Viola limestone in the  south­
western p a r t .  P rogress ive ly  o ld e r  beds were trunca ted  toward the  north  
in  Osage County, Oklahoma, and in  sou theas tern  Kansas.
The a rea  remained p o s i t iv e  and sub jec t to  eros ion  u n t i l  e a r ly  
M ississipp ian  tim e, when the Woodford shale  was la id  down on the trun ­
cated  edges of th e  Ordovician beds. M ississippian  sedim entation con­
tinued  e s s e n t i a l l y  un in te rru p ted  in to  Meramec time and perhaps l a t e r .
The du ra tion  o f  M iss iss ipp ian  sedim entation i s  obscured by the  northward 
tru n c a t io n  o f  the  M iss iss ipp ian  se c t io n  in  pre-Des Moines time.
The e f f e c t s  o f  the  e a r ly  Pennsylvanian Wichita orogeny a re  
recorded in  th e  s t r u c tu r e  and e ro s ion  now evident in  the  pre-Pennsylvanian 
sediments throughout the  reg ion .  The p r in c ip a l  deformation o f  most of 
th e  major s t r u c t u r a l  f e a tu re s  occurred a t  th i s  time. The Middle Pennsyl­
vanian sea advanced over the  reg ion  from the south and e a s t  and in  middle 
Des Moines time covered th e  Pawnee County a rea .  Des Moines sedim entation 
was predominantly marine and was e s s e n t i a l l y  continuous u n t i l  the end of 
the  epoch, when the  sea withdrew tem porarily  and minor eros ion  occurred 
lo c a l ly  (P la te  2 ) .
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Missouri sediments onlapped the lo c a l ly  eroded Des Moines beds 
and i n i t i a t e d  ano ther  long period of un in te rrup ted ,  predominantly marine 
sed im entation . Toward the  end o f  Missouri time, however, the environment 
changed from s ta b l e  marine to  d e l t a i c ,  charac te r ized  by le n t ic u la r  sand­
stones  in terbedded with f in e r  c l a s t i c  deposits  of both marine and c o n t i ­
nen ta l provenance. Several unconform ities, a l l  o f  which trunca te  pro­
g re s s iv e ly  o ld e r  beds toward the  south, occur in  the upper Missouri 
sec t io n  o f  n o r th -c e n t ra l  Oklahoma, a t t e s t i n g  to  the u p l i f t  and erosion  
to  the south. The d e l ta ic  sequence i s  exemplified by the upper Missouri 
and lower V irg i l  rocks th a t  crop out in  eas te rn  Pawnee County, I t  records 
the  e f f e c t s  o f  th e  Arbuckle orogeny, during which the rocks of the  Arbuckle 
reg ion  were u p l i f t e d  and in ten se ly  folded and eroded,
M id-V irgil time saw a re tu rn  to  the Pawnee County area o f  a 
marine environment in  which was deposited  the th ic k  dark-gray Kanwaka 
sh a le .  Periods o f  renewed u p l i f t  in the  source area are  recorded by the 
Elg in  sandstone tongues, which wedge in to  the Kanwaka sec tion  from the 
south .
During l a t e  V irg i l  and e a r ly  Wolfcamp time the area was dominated 
by a marine environment, although d e l ta ic  and co n t in en ta l  conditions 
occurred p e r io d ic a l ly .  During th i s  time Pawnee County occupied a t r a n s i ­
t io n a l  p o s i t io n  between a c y c l ic ly  subsiding r e l a t i v e ly  shallow marine 
basin  to  the  north  in  Kansas and an a c t iv e ly  u p l i f t in g  and eroding 
h in te r la n d  to  th e  south in  the  Arbuckle and Wichita Mountain regions of 
Oklahoma, The sediments deposited  during th i s  time a re  subcyclic  and 
r e f l e c t  the  combined e f f e c t s  of rec u r re n t  u p l i f t  of the source a rea  and 
e u s ta t i c  o s c i l l a t i o n  o f  the Kansas bas in .  Extensive marine tran sg re s s io n s
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a re  recorded by the  f o s s i l i f e r u u s  limestones and dark-gray  shales of the 
upper V irg il  and lower Wolfcamp sequence. The limestones can be traced  
northward in to  Kansas, where they a re  recognized as marine members of a 
c y c l ic  sedimentary sequence. Cyclic sedim entation in  Pawnee County is  
suggested by coa ls  and non-marine e l a s t i c s  interbedded in  the  marine 
sequence, but the  ty p ic a l  c y c l ic  ch a ra c te r  of the Upper Pennsylvanian and 
Lower Permian dep o s its  of the Kansas, I l l i n o i s ,  Michigan, and Appalachian 
bas ins  are  not r e a d i ly  recognizable  in  the Pawnee County sec t io n .
No major sedimentary break occurred during the  deposit ion  of 
th i s  t r a n s i t i o n a l  sequence. In te r ru p t io n s  o f  sho rt  du ra tion  probably 
marked the c lo se  o f  each sedimentary cycle , but evidence of disconform ity 
i s  commonly lack ing .  Channel depos its  occur in Kansas both below and 
above the  recognized Pennsylvanian-Permian boundary, and they a re  par­
t i c u l a r l y  abundant and deeply in c ised  in  the sec tio n  j u s t  below th i s  
boundary (Mudge, 1956, p. 677), Such sandstones were probably deposited  
in  channels eroded in  the  d ep o s i t io n a l  su rface  during the  emergent s tage  
o f  a cyc le ,  Channel sandstones were recognized in  the  Pony Creek, Roca, 
and Eskridge s e c t io n s  in Pawnee County,
A subcyc lic  marine environment p e rs is te d  through the  time of 
d epos it ion  of th e  Neva lim estone, following which a marked environmental 
change occurred in  the  Pawnee County a rea .  The post-Neva portion  of the  
Wolfcampian epoch was ch a ra c te r iz e d  by a co n t in en ta l  to  d e l ta ic  environ­
ment in  which were deposited  th ick  sequences of poorly  so r ted  red c l a s t i c  
m a te r ia l  con ta in ing  l e n t i c u l a r  sandstones. Many and possib ly  a l l  o f  the 
sandstones were deposited  in  stream channels which meandered northward 
across  the d e p o s i t io n a l  su rface  of the red beds. According to  M ille r
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and Folk (1955, p. 344) the formation of red beds requ ired  a source r ic h  
in  magnetite and /or  il raen ite .  The most l i k e ly  such source fo r  the no r th -  
c e n t r a l  Oklahoma red bed sequence was the igneous core  of the Wichita 
Mountains of southwestern Oklahoma.
Period ic  marine t ran sg re ss io n  of the  l a t e  Wolfcamp c o n t in en ta l  
f a c ie s  is  recorded in  the depos it ion  of the Cottonwood, Wreford, Fort 
R iley , and W infield lim estones and a sso c ia ted  gray sh a le s .  These marine 
u n i t s  extend northward in to  the c y c l ic  sequence of the  Kansas bas in .
Their occurrence in  Pawnee County a t t e s t s  to  the  continuing  in fluence  of 
c y c l ic  cond itions  on sedim entation  in  the  a rea .
The eroded su rface  of t h i s  red bed sequence now forms the  Red 
Beds P la in s  physiographic province of Oklahoma.
An environment s im i la r  to  th a t  of the  l a t e  Wolfcamp p e r s i s te d  
in  northern  Oklahoma u n t i l  l a t e  in  the Guadalupian epoch, but eastward 
t ru n c a t io n  o f  the  Permian sec tio n  by post-Guadalupe erosion  does not 
permit an accu ra te  determ ination  o f  the du ra tio n  of sedim entation in  
Pawnee County. In l a t e  o r  post-Permian time the  e n t i r e  Mid-Continent was 
t i l t e d  westward to  form the  P r a i r i e  P la ins  homocline. Peneplanation o f  
th a t  p o r t ion  o f  the  homocline in  which Pawnee County occurs i s  today 
ev ident in  the  accordant summits o f  the Pawhuska Rock P la in  described  by 
Ham (1939). According to  Ham, the peneplanation probably occurred in  
l a t e  T e r t ia ry  o r  e a r ly  P le is tocene  time. The p re sen t  d is se c t io n  and lack 
o f  eastward g ra d ie n t  o f  the peneplaned su rface  in d ic a te  l a t e r  re juvena tion  
and renewed westward t i l t  of the  reg ion .
D eposits o f  upland t e r r a c e  (Qtu of P la te  1) were probably la id  
down on the  peneolane p r io r  to  i t s  d is s e c t io n ,  whereas deposit ion  o f  the
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draped t e r r a c e  (Qt of P la te  1) may have occurred as rec e n t ly  as pos t­
g la c i a l  time. The eo l ian  na tu re  and red co lo r  o f  the  draped te r r a c e  




A system atic  study o f  the  water resources of Pawnee County i s  
not w ith in  the  scope o f  th i s  paper. Generally, a water supply ample fo r  
domestic and ranch purposes i s  re a d i ly  ob ta inab le  from e i th e r  surface  or 
shallow underground sources. Larger supplies  a re  av a i la b le  lo c a l ly ,
A summary of the source, depth, capac ity ,  and chemical c o n s t i ­
tu e n ts  of su r fa c e  and subsurface water supp lies  in  the  county may be 
found in Gould (1905, p. 112) and Smith (1942, p. 202, 354),
Surface Water
Surface impoundment re se rv o ir s  provide much o f  the water used 
in  the  county. The towns o f  Pawnee, Cleveland, and Maramec have munici­
p a l ly  owned r e s e rv o i r s  to  supply t h e i r  needs, and almost every farm has 
one or more small ponds which a re  used to  water s tock .
The Arkansas and Cimarron Rivers are  dependable sources of su r­
face  w ater, and except in  periods of severe drought, Black Bear Creek and 
o th e rs  o f  the major t r i b u ta r y  streams provide a year-round supply of 
water to  the  farms and ranches along t h e i r  banks. Currently  the re  are  
p lans to  c o n s t ru c t  a dam on the Arkansas River below Keystone, I f  b u i l t ,
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t h i s  dam w i l l  provide a rese rve  o f  severa l b i l l i o n  g a l lo n s ,  backing up 
water as f a r  as Blackburn. In so doing, however, i t  w il l  inundate much 
of the county’ s t i l l a b l e  acreage.
Subsurface Water
The most abundant supply o f  subsurface water is  from a l lu v i a l  
and te r ra c e  sand and gravel d e p o s i t s .  A le s s e r  supply i s  afforded down­
dip from the outcrop of most of the  Permian and Pennsylvanian sandstones.
I f  penetra ted  too f a r  from the outcrop , however, many o f  these sands 
produce s a l t  w ater.
Several small springs were noted in  the county during the course 
o f  the f i e l d  work. These springs  g en e ra lly  occur where the con tac t of a 
massive sandstone on a sha le  i s  exposed some d is tan ce  downdip from the 
main sandstone outcrop. Such a cond ition  e x i s t s  in  li. 4 E. along the south 
bank of the Arkansas River, where sev e ra l  springs  occur,
-Sand Gmv&l
The a l l u v i a l  deposits  of the  Arkansas River provide the  county 
with an abundant supply of sand and g rav e l .  At p resen t dredging, washing, 
and siev ing  opera t io n s  a re  underway a t  th ree  p laces along the r iv e r .
There are  two sep a ra te  opera tions  a t  Ralston, one above and one below the 
highway b r id g e ,  and the  th i rd  i s  below Cleveland a t  the Riversand s id ing  
of the  M issouri, Kansas, and Texas Railroad. Gravel from these  operations 
i s  used mostly fo r  co n s tru c t io n  and i s  marketed via tru ck  and railway 
over most o f  n o r th -c e n t ra l  Oklahoma.
The alluvium  of Black Bear Greek i s  another p o ss ib le  source of 
sand; Except where bedrock i s  exposed in  the  f lo o r  o f  the  creek, deposits
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of c lean sand and f in e  g ravel a re  common in the creek  bed throughout i t s  
length in Pawnee County.
Shale a M  &lay
The abandoned p i t  in  the Kanwaka shale  southwest o f  Cleveland 
was formerly the  s i t e  o f  a s iz a b le  b r ick  p la n t  owned by, among o th e rs ,  
the  Acme Brick Company, Operations of th i s  p la n t  covered a period of 15 
to  20 years in  the  e a r ly  p a r t  of the  century . Early production was 
p r in c ip a l ly  common bu ild ing  b r ick ,  most of which was sold  in  Oklahoma C ity  
(Snider, 1911, p, 251), T i le  l a t e r  became the c h ie f  product (Sheerar, 
1932, p. 199), Operations were d iscontinued  p r io r  to  1920, since which 
time the  p la n t  has been almost completely dismantled,
A summary of p la n t  opera tions  and analyses o f  the shale  were 
given by both Snider and Sheerar, Outcrops of th i s  sha le  a re  p le n t i f u l  
near Cleveland and o f fe r  a p o te n t ia l  source of income i f  a market becomes 
a v a i la b le .  Other shales  and c lays  s u i ta b le  fo r  b r ic k  and t i l e  manufacture 
a re  no doubt p resen t  in the  county, but i t  i s  doubtfu l i f  they can com­
pe te  with the  Kanwaka dep o s its  near Cleveland,
Analyses of c lay  from the  Pony Creek and Admire shales  j u s t  north  
o f  Quay may be found in  Snider (1911), pages 144 and 145, re s p e c t iv e ly .
Limestone
Pawnee County has an unlim ited  supply o f  limestone fo r  use as 
crushed rock. A more r e s t r i c t e d  supply s u i ta b le  fo r  bu ild ing  stone i s  
a l so  a v a i la b le ,  but l i t t l e  i f  any has been q u a rr ie d .
Although severa l of the  lim estones in the county have a t  one 
time been q u a r r ie d  commercially (see  P la te  1), only one quarry  is
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c u r re n t ly  in  o p e ra t io n .  Abandoned q u a rr ie s  a re  p resen t in  the Turkey Run, 
Brownville, Red Eagle, and Neva lim estones. The rock was used mainly in 
the c o n s tru c t io n  and su rfac ing  of roads. The a c t iv e  quarry i s  in  the 
Brownville lim estone in the NE 1/4 sec. 13, T. 21 N., R. 5 E, The rock 
i s  crushed and used by the county fo r  road maintenance. Rock from the 
abandoned Brownville q u a r r ie s  immediately to  the south was used as 
b a l l a s t  by the  Atchison, Topeka, and Santa Fe Railway.
Shannon (1914, p. 155) r e f e r s  to  a lime k i ln  near Pawnee but 
does not mention the  source of the  raw m a te r ia l .  I t  i s  probable, how­
ever, th a t  the o ld  Brownville q u a r r ie s  supplied  the  limestone fo r  th i s  
k i ln .  Laboratory t e s t s  on samples of Brownville limestone c o l le c te d  near 
these  q u a r r ie s  showed the  lim estone to  be from 96 to  99 percent so lub le  
in  hydroch loric  ac id  (Appendix A). Cullen (1917, p. 54) r e je c te d  the 
Neva and Red Eagle limestones as p o ss ib le  sources of lime because of 
t h e i r  high c h e r t  and s i l i c a  con ten t .  A study o f  in so lu b le  res idues  
(Appendix A) confirms th i s  opinion.
Brownville limestone from the quarry north  o f  the S t.  Louis and 
San Francisco Railroad  in  sec . 18, T, 21 N., R. 6 E .,  was crushed and 
used as a base fo r  a United S ta te s  Army a i r s t r i p  cons truc ted  in  the ea r ly  
1940's near Perry ,  Oklahoma. The la rge  q u a r r ie s  in  the  Red Eagle lime­
stone in  sec .  28, T. 20 N., R. 5 E . , and in  the Neva in  sec . 20, T. 23 N., 
R. 5 E . ,  and sec . 30, T. 24 N., R. 5 E .,  were opened when the po rt ion  of 
Oklahoma Highway 18 through Pawnee County was paved but were abandoned a t  
the completion o f  the  paving o p e ra t io n .  Large s lab s  of limestone from 
the Neva quarry in  T. 23 N., R. 5 E . , can be seen in  Pawnee where they 
are  used as r ip - r a p  under the  new bridge over Black Bear Creek.
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Favorable th ickness  and exposure provide p rospective  quarry 
s i t e s  a t  many p laces  along the  outcrop of the Neva limestone in Tps. 23 
and 24 N ., where the  sec t io n  c o n s is ts  of up to 16 fe e t  of almost so l id  
lim estone. Many p rospec tive  s i t e s  in  the Brownville limestone in  ad­
d i t io n  to  those  a lready  worked occur along i t s  outcrop in  Tps, 21 and 22 
N, e a s t  of Pawnee, The th ickness o f  the Brownville in  th i s  area ranges 
from 6 to  10 f e e t .  The Red Eagle p resen ts  the bes t p rospects  fo r  quarrying 
in  the  southern  p a r t  o f  the county. The Red Eagle th ickness averages 6
f e e t  in  exposures in  T. 20 N,
P rospec tive  quarry  s i t e s  a lso  e x i s t  in  the Wakarusa limestone 
in  Tps. 21 and 22 N, and in  the  Long Creek limestone in Tps. 23 and 24 N,
Op to  9 ,5  f e e t  o f  Wakarusa and 25 f e e t  of Long Creek were observed in  the 
a reas  mentioned, but th e  limestones may contain  too much interbedded 
sha le  to  be o f  commercial importance.
With th e  exception o f  the  q u a rr ie s  and lo ca tions  here mentioned, 
the  lim estones o f  Pawnee County a re  too th in  to  permit la rge  sca le  quarry­
ing o p e ra t io n s .
Building Stone.
Although Pawnee County abounds in exposures of sandstones 
s u i ta b le  fo r  b u ild in g  purposes, production in the county is  next to 
noth ing . More than 35 q u a r r ie s  and a host of old  sandstone bu ild ings  
a t t e s t  to  the  p o p u la r i ty  of sandstone as a bu ild ing  stone in  Oklahoma's 
e a r ly  days. Today, however, sandstone has been la rg e ly  replaced as a 
bu ild ing  m a te r ia l  by b r ick  and concre te ,  and most of the q u a rr ie s  have
been abandoned. The q u an t i ty  of stone removed from most of them was
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small except fo r  a few th a t  were p ro p i t io u s ly  located  near the cen te rs  of 
popula tion . In the  town of Pawnee more than 62 bu ild ings are  constructed  
o f  sandstone^, most of which came from nearby q u a r r ie s  in  the sandstone 
immediately beneath the  Neva lim estone.
Sandstone from most o f  the o th e r  g eo log ica l formations exposed 
in  the county has a lso  been q u a r r ie d ,  but complete records of the lo c a tio n  
and production o f  ind iv idua l q u a r r ie s  a re  u nava i lab le .
In 1936 and 1937 a mineral survey of Oklahoma was conducted by 
the  Works Progress A dm inistration under the d i r e c t io n  of the Oklahoma 
Geological Survey, The sandstones and limestones o f  Pawnee County were 
included in  the s tudy, and a p a r t i a l  l i s t  o f  p oss ib le  and e x is t in g  quarry 
s i t e s  in the county may be found by r e f e r r in g  to  th i s  data  in  the Geo­
lo g ic a l  Survey f i l e s  in  Norman,,
Coal
No commercial coal d epos its  a re  known in  the county. The 
Ralston coal below the  Brownville limestone can be traced  e n t i r e ly  across  
the  county, but i t  i s  genera lly  only about one inch th ic k .  At p laces  i t  
ranges from 6 to  10 inches and in  Ralston an 18-inch seam is  sa id  to  be 
exposed a t  times of low water in  the  north bank of Eagle Creek about 
100 yards sou theas t  o f  the bridge to  the  Santa Fe r a i l r o a d  s ta t io n .
Shannon and o th e rs  (1926, p, 57) s ta t e d  th a t  about 200 tons had been 
rained from a 5 -  to  15-inch seam in Ralston. At l e a s t  p a r t  of th i s  pro­
duction was mined through a s h a f t  loca ted  west o f  the Santa Fe r a i l r o a d  
t r a c k s .  The s h a f t  has s ince  been deepened and converted to  a water w ell .
^Unpublished data  from Oklahoma Geological Survey f i l e s .
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Present r e s id e n ts  of the town regard  the  200-ton f ig u re  as excessive .
Two exposures of l i g n i t i c  coal were noted immediately below the 
Turkey Run lim estone (see p. 51). Although th i s  bed in  a l l  p ro b a b i l i ty  
extends over a wide a rea ,  i t  is  doubtfu l th a t  i t  a t t a in s  commercial 
th ickness .
Copper
Several small depos its  o f  copper minerals occur in the  Permian 
rocks of the  w estern p a r t  of the county. Such d epos its  a re  known in the 
NE 1/4 sec . 23 and the  NW 1/4 sec .  24, T. 22 N ., R. 3 E .,  and in  the  NW 
1/4 sec, 19, T. 22 N,, R. 4 E, (see  P la te  1). They occur in  sandstone 
and conglomeratic lenses  in the  lower p a r t  of the  M atfield sha le  and 
c o n s is t  c h ie f ly  o f  replacement o f  carbonized wood by c h a lc o c i te  which has 
subsequently been a l t e r e d  to  m alach ite  and a z u r i t e .  At the prospects  
v i s i t e d  replacement of the carbonized wood is  v i r t u a l l y  complete. The 
copper m inerals  a l so  occur as nodules and d issem inated m a te r ia l  in  the  
c l a s t i c  host rock. Traces of s i l v e r  and gold a re  a sso c ia ted  with the  
copper.4
A s im i la r  copper depos it  was reported  in  the NW 1/4 sec, 28,
T. 22 N., R. 3 E .,  in  the  Doyle sh a le ,  bu t th i s  prospect could not be 
loca ted .
A few attem pts  have been made to  develop these  copper d ep o s i ts ,  
but none o f  them has demonstrated the  presence o f  commercial co ncen tra tion .  
One or more s h a f ts  a re  reported  to  have been dug a t  each p ro spec t,  and 
a crude m i l l  was s e t  up in the  NW 1/4 sec , 24, T. 21 N ., R. 3 E .,  to
^Unpublished data  from Oklahoma Geological Survey f i l e s .
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process o re .  In 1946 seven shallow core holes were d r i l l e d  on the 
same property  under the .superv is ion  of the Oklahoma Geological Survey,
These and s im i la r  "red bed" copper depos its  in  o th e r  p a r ts  of 
Oklahoma are described  by M err i t t  (1940), toge ther  with a review of the 
sev e ra l  th e o r ie s  o f  o r ig in  and a b ib liography . F ischer (1937, p. 915) 
described  a Pawnee County d ep o s it ,  which i s  probably the one in secs .  23 
and 24, T. 22 N., R. 3 E.
Radioactive Minerals 
Several prospects  con ta in ing  rad io a c t iv e  m inerals  are  known in 
the  county. Uranium minerals occur in the carbonized wood a sso c ia ted  
w ith the  copper d ep o s its  described  above, but l ik e  the  copper, the  
uranium-bearing m a te r ia l  i s  too d isp e rse  to be of value.
G eolog ists  o f  the  United S ta te s  Geological Survey and the 
Atomic Energy Commission have in v e s t ig a te d  a prospect in  the NE 1/4 
sec . 8, T, 22 N., R. 4 E . , known as th e  Lee D. Uto p rospec t .  H il l  (1953, 
p, 203) rep o r te d ,  " I t  is  a bedded dep o s it  of secondary uranium m inerals 
a s so c ia te d  with th in  l i g n i t i c  lenses  in  cuprife rous  sandstone of basal 
Permian age. S e lec ted  samples contained 16,3 percen t uranium," This 
d ep o s i t  occurs in  the upper p a r t  o f  the  Garrison sha le ,  somewhat lower 
s t r a t i g r a p h ic a l ly  than the nearby copper deposits  and with a f a r  sm aller 
copper co n ten t .  Yet i t  con ta ins  an apprec iab le  amount of carbonized wood. 
According to  Beroni (1954, p. 171), samples from the  Uto prospect con ta in  
uranium m inerals  ranging from 0.002 to  0.068 percent o f  the  sample. The 
r a d io a c t iv i ty  i s  concen tra ted  in  the  su lpha te -bearing  carbonaceous ma­
t e r i a l ,  To da te  t h i s  prospect is  considered non-commercial.
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Many black  sha les  a re  known to  have an abnormally high content 
of ra d io a c t iv e  m inera ls .  The owner of the Neva limestone quarry in  sec.
20, S. 22 N., R. 5 E . ,  reported  th a t  random samples of the black shale  
underly ing the  Neva have been shown by chemical an a ly s is  to  contain  as 
high as 1.08 percen t uranium. To d a te  uranium cannot be ex trac ted  from 
such sha le  commercially although the  Atomic Energy Commission i s  cur­
r e n t ly  conducting a survey o f  ra d io a c t iv e  m a te r ia ls  in  the Chattanooga 
b lack  sha les  o f  Tennessee, I f  a process is  developed whereby th i s  
m a te r ia l  can be worked economically, the  shales such as the one under the  
Neva may provide an important source of uranium and o the r  rad io ac tiv e  
m inera ls .
OIL âM
O il was d iscovered  in  Pawnee County on the  B i l l  Lowrey farm near 
th e  town o f  Cleveland in  September, 1904. This discovery es tab l ish ed  the 
county as one o f  the e a r l i e s t  o i l  producing regions in Oklahoma. Accurate 
reco rds  o f  e a r ly  d r i l l i n g  and production  a re  not a v a i la b le ,  but in the  43 
years  following completion o f  the  i n i t i a l  well l i t e r a l l y  thousands of 
w ells  have been d r i l l e d  and m i l l io n s  o f  b a r re l s  o f  o i l  produced. I t  i s  
es tim ated  th a t  cumulative production from Pawnee County f ie ld s  to the end 
of 1955 ( the  l a t e s t  d a te  fo r  which f ig u re s  a re  a v a i la b le )  was approximately 
100 m il l io n  b a r r e l s .  Oil production  i s  second only to a g r ic u l tu re  as the 
c o u n ty 's  c h ie f  source o f  income. During 1955 a t o t a l  of approximately 
1,050 producing w e lls  in  46 sep a ra te  producing areas con tribu ted  to  th a t  
income (F ig . 37, Table 5 ) .  Production i s  predominantly o i l .  Gas is  
produced in  small q u a n t i t i e s  fo r  lo c a l  consumption, but no major gas
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Figure 37. P r in c ip a l  o i l  and gas producing a reas  o f  
Pawnee County. Numbers r e f e r  to  f i e l d  areas  l i s t e d  in  Table 5.
re se rv o ir  has y e t  been discovered.
Productive  zones range in  age from Cambro-Ordovician (Turkey 
Mountain zone) to  Upper Pennsylvanian (Hoover sand); and most p roductive  
areas produce from more than one zone (Table 6 ) .  The most p r o l i f i c  zones 
a re  the  Skinner and B a r t l e s v i l l e  sands of Middle Pennsylvanian age and 
the"Wilcox" sand o f  Lower Ordovician age. Although some production i s  
obtained from lim estone re s e rv o ir s  ( e . g . ,  Oswego, In o la ) ,  most comes 
from th in  somewhat l e n t i c u l a r  sandstones in  a sec tio n  composed predomi­
nan tly  of sh a le .  The r e s e rv o i r  beds a re  p a r t  of a westward-dipping 
sedimentary sequence, the  th ickness  of which inc reases  from about 3,000 
f e e t  in the  e a s t  to  about 5,000 f e e t  in  the  west. This sequence l i e s  
on a Precambrian su r fa c e  of cons ide rab le  r e l i e f  which a lso  dips to
TABU: 5
PRœUCTim STATISTICS F(M PRINCIPAL OIL & GAS POOLSa 
PAWNEE COUNTY, OKLAHOMA
D isc . Producing 1955 Prod. Cumulative Prod. Av. Grav.
Us. b F ie ld Location Date Wells (b b ls . ) to  1 /1 /56  ( b b l s . ) (° API)
1 Blackburn E s e c .  21-22N-7E *20 12 33,865 157,224
2 Blackburn SE sec .  29-22N-7E •54 1 2 ,797 3,962 51
3 ^Boston se c ,  6-21N-BE *54 1/28 ? ? 37
4 Bryan s e c s .  1 & 2
20N-5E *54 2 183 978 38
5 Bryan N s e c s .  26 & 35
2 1N-5E •51 5 37,171 154,728 41
6 Bryan NE sec .  1-20N-5E *54 2 3,800 8 ,300
7 Bryan NIŸ se c .  33-21N-5E *53 1 2 ,160 8,946 38
8 Bryan SE sec .  12-20N-5E *53 2 2 ,814 5,711
9 Buena V is ta  NE sec .  14-22N-5E *54 1 gas — -
10 Casey sec .  21-21N-6E *17 2 1,666 119,398
11 Casey N sec .  17-21N-6E *51 3 8 , 166 20,915 36
12 Cleveland 21N-8E *04 139 133,225 41 ,690 ,972 36
13 Cody sec .  6-21N-6E •54 8 42,262 61,612 37
14 Cresent Star S se c s .  27 & 34
23N-5E •54 5 30,125 71,161 38
15 *Garr s e c s .  32 & 33
20N-5E *20 30/73 220,825 4 ,549 ,552 38
CO
8 P r in cip a l source: N ational Oil ScouLs, .and .Landmenl a  , YsarbaoJc, 1956.
b F ie ld  number r e fe r s  to  F ig . 37, which shows the o i l  and gas producing areas in Pawnee County. 
* These f i e l d s  extend in to  adjacent c o u n t ie s .  Production f ig u re s  are for the e n t ir e  f i e l d .  
Under Producing W ells , f ig u re  above bar i s  number o f producing w e lls  in Pawnee County; 
f ig u r e  below bar i s  t o t a l  producing w e lls  in the f i e l d .
TABLE 5 (Continued)
D isc . Producing 1955 Prod. Cumulative Prod. Av. Grav.
No. F ie ld Location Date Wells ( b b l s . ) to  1 /1 /56  (b b ls . ) (^ API).
16 H a lle t t 20N-7E •22 67 271,195 776,940 38
17 H a l le t t  NIV s e c .  30-21N-7E •49 2 0 2 ,429
18 *Jennings s e c s .  28 & 33
20N-7E •10 11/93 194,910 4 ,944 ,874 37
 ̂ 19 ®Keys tone 20N-9E & lOE •19 104/178 241,265 5 ,6 94 ,133
20 Lauderdale 20 & 21N-8E •15 193 436,025 17,136,437 37
21 Mannford N s e c .  28-20N-9E •40 ? ? 25,718
22 Maramec 20N-6E •20 162 421,940 5 ,758 ,283 37
23 Maramec N sec .  3 3 -2 1N-6E •45 1 2,848 60,098
24 Mar amec E s e c .  1-20N-6E •48 0 - 18,612 39
25 *Maramec SE se c .  31-20N-7E •48 1/3 2 ,555 16,582
26 Masham C 23N-4E •24 25 76,285 ? 39
27 Masham E sec .  30-23N-5E •50 1 0 2,183
28 Pawnee E 21N-5E •41 0 Abd. 1944 8,731
29 P rice s e c s .  25 & 36
20N-7E ? •4? 0 Abd. 1948 12,000
30 Ralston s e c s .  2 & 4
23N-5E •09 11 60,049 289,346 39
31 *Quay 20N-5E & 6E •14 57/307 1,343,930 37 ,029 ,647 36
32 Skedee SE 22N-6E •42 17 20 ,110 399,614 40
33 Skedee N s e c s .  22 & 23
22N-6E •53 2 5,236 18,126 35
34 Skedee W sec .  15-22N-5E •50 2 3,385 73,287 42
35 Ter 1ton 20N-7E & 8E •12 24/35 74,095 1,264,469 38
36 Ter 1ton N 20 & 2 IN-7  & 8E •17 93 166,075 4 ,140 ,813 38
37 Ter 1 ton SE se c s .  33 & 34













(b b ls .) .
Cumulative Prod, 
to  1 /1 /56  (b b ls .)
Av. Grav. 
.. (« API).
s e c s .  3 6  4
22N-3E •15 12 33.723 8 ,182 ,909 41
39 *Watchorn E SE 23N-3E •42 33 297,226 8 ,6 2 7 ,0 1 0 43
40 Watchorn N C 23N-3E •45 0 Abd. 4 ,017 37
41 Watchorn NIV s e c s .  19 6  20
23N-3E •45 3 8 ,639 31,354 43
42 Vi'atchorn W s e c s .  30 6  31
23N-3E •53 2 5,072 28,119
43 Blackburn S s e c .  30-22N-7E •55 8 34,233 34,233 42
44 Sunny Slope SW se c .  5-22N-6E •55 1 gas — —
45 Quay N sec .  19-20N-6E •55 2 5,623 5,623 42
46 Cody SW s e c .  11-21N-5E •55 1 1,896 1,896 37 tn
cr OQ <
T o  n k a W  a
C l e v e l a n d O  CL çrWayside
W h e e l e r
"O
Skinner
R e d  F o r k
B a r t l e s v i l l e
W
S i m p s o n
W i l c o x
H o m i n y O O




P ip e l in e  runs and exp lo ra tion  s t a t i s t i c s  
Pawnee County, Oklahoma^




Wildcat wells  
footaoe Disc,
under le ase  to  
mai o r  companies
Geophysical 
crew weeks
1955 b 32 103,561 7 14,862 13
1954 b 35 121,251 6 9,614(7) 17
1953 2,086,840 43 149,763 6 10,116 0
1952 2,012,612 21 72,731 1 9,851 0
1951 1,882,478 31 102,563 5 9,514 1
1950 1,506,083 21 69,609 4 4,983 13
1949 1,506,888 9 30,908 0 3,087 0
1948 b 8 26,625 1 11,872 3
^Compiled from Nat. Oil Scouts and Landmen's Assoc.. Yearbook.
1949 to  1956, in c lu s iv e ,  
“Data not a v a i la b le .
the west. P roductive zones range in depth from 1,100 to  4,300 f e e t .  
Because of the  westward d ip  of the  beds, wells  in  the  western p a r t  of 
the  county a re  g en e ra lly  deeper than those in the ea s te rn  p a r t .
O il entrapment is  p r im ar ily  s t r u c t u r a l ,  occurring in  small a n t i ­
c l in e s  and domes and, in  a few cases ,  aga in s t  f a u l t s .  Most of the obvious 
s t r u c tu r a l  f e a tu re s  have a lready  been te s t e d ,  however, and most recen t 
d iscoveries  and ex tensions  have been from s t r a t ig r a p h ie  t r a p s .  These 
trap s  commonly occur on the f lanks  of known s t r u c tu re s .  The proportion  
of o i l  produced from s t r a t ig r a p h ie  re se rv o irs  i s  expected to  grow as 
exp lo ra tio n  and development in  the county continue.
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Most o f  the  e s ta b l ish e d  o i l  and gas producing areas  in Pawnee 
County a re  in  the  eas te rn  p a r t  (F ig, 37), though many s ig n i f i c a n t  d i s ­
coveries  have been made in  the  c e n t r a l  and western p a r ts  during the 
l a s t  15 yea rs .  Since 1948 both yea r ly  o i l  production and the tempo of 
exp lo ra tio n  a c t i v i t y  have shown a genera l inc rease  (Table 7); and as long 
as the  demand fo r  petroleum products i s  maintained a t  the  p resen t high 
le v e l ,  t h i s  in c re a se  should con tinue , la rge  areas in the  western p a r t  of 
the  county a re  v i r t u a l l y  un tested  fo r  o i l  or gas, and the  discovery 
p o te n t ia l  of these  a rea s ,  to g e th e r  w ith  th a t  o f  the more thoroughly 
te s te d  e a s te rn  p o r t io n  of the county, should assu re  continuing growth 




I The p r in c ip a l  conclusions which can be drawn from the data  p re­
sen ted  in  th i s  re p o r t  are  summarized as fo llow s:
1) The su rface  rocks of Pawnee County range upward from the  VJann
I
formation of middle M issouri age through the W infield limestone of l a t e  | 
Wolfcamp age. The o ld e s t  beds crop out in the  easternmost p a r t  of the j 
îounty» The d ip  of the beds is  approximately due west and ranges between 
30 and 65 f e e t  per m ile .  The sediments of the Permian system l i e  upon 
those of the  Pennsylvanian w ith  apparent conformity.
2) During Upper Pennsylvanian and Lower Permian time the Pawnee 
bounty area  was s i tu a te d  between an eroding landmass to  the  south and a 
shallow c y c l ic ly  subsid ing  marine basin  to  the  no rth .  The r e s u l t a n t  
sediments form a complex sequence t r a n s i t i o n a l  between the coarsely  
c l a s t i c  c o n t in e n ta l  d ep o s its  of the source area and the cy c l ic  p r im arily  
marine deposits  of the  b as in .
3) The s t r a t ig ra p h y  of the su rface  sec tion  rev ea ls  th ree  major s tages 
of d e p o s i t io n :  a) a d e l t a i c  s tag e  from middle Missouri (Wann) through 
lower V i rg i l  (Vamoosa) time, b) a subcyclic  s tage  s t rad d l in g  the Pennsy 
vanian-Permian boundary from middle V irg i l  (Pawhuska) through middle Wolf- 
camp (Neva) time, and c) a c o n t in e n ta l  s tage  from middle Wolfcamp (Esk- 
r i rige) t hrough J .a te  ̂ o ifcam p _ (M iif le lu )_ tim e .  Pe%lodic_itilsrrupliOB_M-
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jthe p r in c ip a l  environment of each s tag e  suggests th a t  the e n t i r e  su rface  
Sequence may have been a f fec ted  by the p u lsa t in g  environment which pro­
duced the c o r r e la t iv e  cy c l ic  sequence in Kansas,
4) The sediments of the d e l t a i c  and c o n t in e n ta l  s tages  are sparse ly  
j fo ss i l i fe ro u s  to  n o n - fo s s i l i f e ro u s ,  whereas many of the beds of the sub- 
q y c l ic  s tage are  abundantly f o s s i l i f e r o u s .  No species  or assemblage is  ;
I f
pecu l ia r  to  any one s t r a t ig r a p h ie  u n i t  except for the fu su line  Schwaoerina. 
which is  an index to  beds of Permian age. Accordingly, c o r re la t io n  or !
i  I
i d e n t i f i c a t i o n  of beds is  im possible on the bas is  of fauna alone. ;
5) The c o r re la t io n  of the sandstones in the upper Missouri and lowej 
V irg i l  sec tio n s  is  doubtfu l.  On the  basis  of recen t  work in Osage County, 
the  Revard and Cheshewalla sandstones of P la te  1 may a c tu a l ly  be the  
Cheshewalla and Kiheki sandstones, re sp e c t iv e ly  (see d iscuss ion  on 
p. 26 f f . ) .
6) The Lecompton limestone, b asa l  member of the Pawhuska formation, 
i s  the  lowermost limestone in the su rface  sec tio n  of Pawnee County.
7) The "Grayhorse" limestone of Pawnee County probably c o r r e la te s  
with the Grayhorse limestone of Kansas, but both are  probably older than 
the  type Grayhorse limestone of Osage County (F ig , 20, p. 81),
8) Channel sandstones occur in  the  Pony Creek, Roca, and Eskridge 
sha le  s e c t io n s .  Many or a l l  of the  other l e n t ic u la r  sandstones in the
Upper Pennsylvanian and Lower Permian sequence might a lso  prove to  be
I
channel deposits  i f  th e i r  con tac ts  with underly ing beds could be observed.
9) The Cottonwood, Wreford, F o r t  R iley , and W infield limestones a l l
i
d ie  out southward in  or immediately south of Pawnee County. C orre la tion! 
of the Wreford and W infield  limestones is  somewhat doub tfu l .  The t ru e  j
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correlatives of these units may not extend southward as far as Pawnee 
juounty.
10) The fauna of the post-Neva limestones is  typically molluscaii 
and/or algal. Deep water assemblages, in particular fusulinids, are
i
conspicuous by their absence.
i  j
i  11) The upland terrace (Qtu of Plate 1) was deposited and dissected I
prior to the deposition of the draped terrace (Qt of Plate 1). |
I ;
12) The subsurface section contains beds of Upper Cambrian (?),
Lower Ordovician, early Mississippian, Middle and Upper Pennsylvanian, 
and Lower Permian age. The thickness of this sequence ranges from 3000 
to 5000 feet .  I t  contains the following major angular unconformities;
a) Precambrian granite overlain by Cambro-Ordovician (Arbuckle 
group);
b) Ordovician (Simpson group) overlain by Mississippian (Wood­
ford shale);
c) Mississippian (Osage limestone) overlain by Pennsylvanian 
(middle Des Moines),
Minor unconformities occur between a) the Arbuckle and Simpson 
groups, b) the Des Moines and Missouri ser ies ,  and c) the Missouri and!
Virgil ser ie s .  Plate 2 suggests the presence of a minor unconformity in)
!
the lower Wann section. This p o ss ib il ity  needs further checking in I
adjacent areas.
13) The westerly dip of the sediments is  interrupted locally by | 
north-trending belts of en echelon faults and small dome-like folds.
The faults probably die out downward, but the folding is more pronounced 
at depth. Faulting and folding are thought to have been caused by______
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lo r izo n ta l  and v e r t i c a l  movements, r e s p e c t iv e ly ,  along an ces tra l  zones 
of weakness in the  g ra n i te  basement.
14) Pawnee County has been above sea leve l and sub jec t to  erosion 
since sometime la te  in the Permian period . U p l i f t ,  westward t i l t ,  and |
en echelon f a u l t in g  probably occurred in l a t e  Permian or ea r ly  p o s t -  I
Permian time. The area was subsequently peneplaned and l a t e r ,  probably j
in Quaternary time, re juvenated . Erosion of the rejuvenated peneplane |
!
is  c u r re n t ly  in p rog ress .  |
I
15) Petroleum is  the  coun ty 's  c h ie f  m ineral resource . Production is
!
on the order of 6000 b a r re ls  d a i ly .  P o te n t ia l ly  valuable deposits  of |
c lay  and bu ild ing  stone may be developed in the fu tu re  i f  a loca l market 
develops. Non-commercial deposits  of coal,  copper, and ra d io a c t iv e  
minerals are  known.
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INSOLUBLE RESIDUE ANALYSES OF KEY LIMESTONES 
PAWNEE CCXJNTY, OKLAHOMA
fcag.a.tion
Lecompton l im e s to r
NE % 23-21N-7E 
NE % 27-20N-7E 
SE % 22-20N-7E
A .  I
SW % 22-22N-7E 
NW % 27-20N-7E 








































gray quartz silt 
quartz sand & silt
quartz silt & carbonaceous matter 
quartz silt & limonite
dk gy silt, pyrite, 6 a few sand 
grains
unsorted quartz sand & silt, trace 
of pyrite & microfauna
*Analyses from unpublished data in the files of the Oklahoma Geological Survey.
**The letters N, S, and C which follow the total insoluble percentage figure designate the 
relative part of the county, north, south, or central, respectively, from which the 
sample analyzed was collected.
T otal In so lub les £.lay.. EnacJLiûn -Si 11. Fr.ar.1i nn
Location (weiqht %)** % Color %. Composition
■HaJtaoiaa lime^-tQP.e.
E % 11-23N-6E 8 .6  N 8 .2 gray 0 .4 quartz s i l t  & p y r ite
NE % 35-20N-6E 4 .4  S 4 .2 gy bwn 0 .2 quartz s i l t  & small p e l l e t s  of
red c lay
NW % 18-21N-7E 8 .2 #  C
M adina  Jlms&ima
NE % 15-21N-6E 16.7  N 5 .3 rd bwn 11.4 f . g .  quartz sand, s i l t ,  & mica
SW % 23-20N-6E 6 7 .1  S 11.8 buff 55 .3 f . g .  quartz sand
NE % 14-21N-6E 39 .6*  C
Elmonl l im esto n e .
SW % 10-22N-6E 6 .1  N 5 .3 It gy 0 .8 quartz s i l t  & f . g .  sand
NE % 3-19N-6E 2 0 .6  S 16.1 I t  gy 4 .5 quartz s i l t  & trace  o f  sand
SW % 14-21N-6E 3.2#  C
Brownv i l l e  lim estone
SE % 23-23N-5E 15.6 N 4 .8 I t  gy 10.8 f . g .  sand & mica
SW % 13-21N-5E 0 .9  C 0 .9 bwn tr ace quartz s i l t
NE % 30-20N-6E 71.6 13.6 gray 5 8 .0 f . g .  quartz sand, p y r ite ,  & mica
SE % 30-22N-6E 2.0*  C
SW % 18-21N-6E 2.0#  C
Amerlcns. LimejS-tmiÊ
SE % 34-24N-5E 4 .8  N 3 .0 dk gy 1.8 quartz & trace  of white chert
SW % 34-20N-5E 9 .8  S 6 .5 dk gy 3 .3 gray quartz s i l t
NE 15-22N-5E 8 .4#  C
........NW '/i 26-22N-5E 5 .7*  C
tu
H-»en
T otal In so lu b les  





SE % 4-23N-5E 6 .5 N 4.2 gy bwn 2 .3 quartz s i l t  & a few s h e l l  fragments
SW % 34-20N-5E 4 .3 S 3 .7 dk gy 0 .6 quartz s i l t  & g la u co n ite
NW % 34-23N-5E 11.9» C
NE % 15-22N-5E 14.9» C
SE % 16-24N-5E 4 .9 » N
NW H 4-21N-5E 8.4* C
ggd. L aale  limestone
SW % 33-24N-5E 8 .5 N 6 .2 dk gy 2 .3 dk gy s i l t  & trace  o f quartz sand
NW % 28-20N-5E 4 .8 S 3 .9 dk gy 0 .9 gray quartz s i l t  & chert fragments
NE H 28-21N-5E 6 .5» C
NE % 31-23N-5E 2 0 .7 N 2 .9 gray 17.8 ch er t ,  quartz s i l t ,  & s i l i e i f i e d  
microfauna
SE % 25-21N-4E 13.1 S 0 .7 b u ff 12.4 unsorted quartz sand & s i l i e i f i e d
microfauna
NE % 31-23N-5E 2 0 .7 N 2 .9 gray 17.8 ch ert , quartz s i l t ,  & s i l i e i f i e d
microfauna
SE l i  25-21N-4E 13.1 S 0 .7 buff 12.4 unsorted quartz sand & s i l i e i f i e d
microfauna
SW % 7-22N-5E 4.8» G
NW % 21-24N-5E 12.4» N
SE K 2 - 2 1N-4E 4 .6* C
SE % 2-21N-4E 4 .0» C
tot—'
O'




Cottonwood lim estone  
SE % 2-23N-4E





SE % 18-23N-3E 
NE % 15-22N-3E 
SE 54 32-23N-3E
W infield  UmOg-tPJli£
N ^ 7-22N-3E
1 0 .7  N 
7 .4  C
10.9* N
8 .1  N



























quartz s i l t  & sand & s i l i e i f i e d  
microfauna
quartz sand & s i l i e i f i e d  
mierofauna
quartz s i l t ,  l im on ite , red e lay  
p e l l e t s ,  mierofauna, & s h e l l  
fragments
m.g. euhedral quartz sand
gray s i l t y  quartz sand 
f . g .  quartz sand
to
19.1 f . g .  quartz sand & mierofauna
APPENDIX B 
REGISTER OF FOSSIL COLLECTING SITES
T a l la n t  formation
1. Sandstone exposure along abandoned road leading to Arkansas 
River bottomland in SE 1/4 sec . 9, T, 20 N,, R. 9 E,
Kanwaka sha le
**2. Floor of abandoned sha le  p i t  in SE 1/4 sec . 17, T. 21 N.,
R. 8 E.
Lecompton limestone
*3. Limestone exposure in road cut along both s ides  of U.S. High­
way 64 in NW l / 4  sec. 23, T. 21 N., R. 7 E. (about h a l f  way |
down h i l l ) .  |
4 . Limestone exposure in  borrow d itch  along road on the  e a s t  l in e  I
of NE 1/4 sec. 26, T. 21 N., R. 7 E. I
Turkey Run limestone |
5 , Limestone outcrop a t  top of h i l l  along north  s ide  of U.S. High-|
way 64 in  NW 1/4 sec .  23, T. 21 N., R. 7 E. ( a t  top of h i l l  near
west sec tio n  l i n e ) .  |
I
Severy sha le
*6. Shale exposed immediately above Turkey Run limestone along the I
e a s t  s id e  of the road on the west l in e  of Nltf 1/4 sec. 23, j
T. 21 N ., R. 7 E. (about 100 yards south of U.S. Highway 64),
H a l l e t t  sha le
7. Limestone outcrop in borrow d i tc h  on the north  s ide  of the road
along the  south l in e  of the SE 1/4 sec . 17, T. 20 N., R. 7 E.
(about 50 yards e a s t  of Oklahoma Highway 99),
8. Limestone outcrop along north s ide  of M issouri, Kansas, and
Texas R ailroad west of overpass on Oklahoma Highway 99 in the 
SE 1/4 sec . 20. T. 20 N., R. 7 E.
9 . Limestone outcrop in f i e ld  in NE 1/4 sec. 4, T. 20 N., R. 7 E., 
immediately across fence to  the  north of th e  M issouri, Kansas, 




10. Limestone outcrop in borrow d itches  along road on the north 
l in e  of NE 1/4 sec . 31, T. 21 N.. R. 7 E.
11. Limestone outcrop on both s ides of road on south l ine  of SW 
1/4 sec. 32, T. 21 N., R. 7 E.
*12. Limestone outcrop on eas t bank of creek immediately north of 
road along south l in e  of SE 1/4 sec. 35, T. 21 N ., R, 6 E.
Reading limestone
*13. Limestone exposures in borrow d i tc h  on e a s t  s ide  of road along
west l in e  of the  Nl’l 1/4 sec, 17, T, 20 N . , R, 7 E,
Elmont limestone
**14. Upper limestone exposed on south slope of small o u t l ie r  along
Black Bear Creek in the NE 1/4 sec. 3, T. 22 N., R. 6 E.
15. Limestone outcrop along abandoned road on the south l in e  of the
SW 1/4 sec , 34, T. 21 N ., R. 6 E . , about 1/4 mile e a s t  of 
sec tion  corner (upper Elmont lim estone).
16. Shale exposure along abandoned road on the south l ine  of the 
SW 1/4 sec . 34, T. 21 N ., R. 6 E., about 100 yards eas t  of 
sec tio n  corner (middle Elmont s h a le ) .
Gano sha le
17. S tray  limestone exposed along north s id e  of U.S. Highway 64 
in the  SW 1/4 sec. 15, T. 21 N., R. 6 E .,  immediately e a s t  of 
sec tion  corner.
"Grayhorse” limestone I
18. Outcrop of limy sh a le  on the  e a s t  bank of creek immediately I
north  of road along south l in e  of the SE 1/4 sec. 5, T. 21 N., ;
R. 6 E. I
19. Outcrop of limy shale  along b lu f f  overlooking Arkansas River i
in  the  NE 1/4 sec. 4, T. 22 N ., R. 6 E.
20. Outcrop of limy sha le  along north s id e  of road along south l in e  I
of the  SE 1/4 sec. 3, T. 20 N., R. 6 E.
Pony Creek sha le
21. Thin limestone 10 f e e t  above "Grayhorse" in the borrow d itch  
along the  road on the south l in e  of the SW 1/4 sec. 27,
T. 21 N., R. 6 E.
22. Thin limestone in borrow d i tc h  along north  s ide  of the road
on the south l in e  of the SE 1/4 sec . 5, T. 21 N., R, 6 E,
(10 f e e t  above "Grayhorse" in s i t e  18).
Brownville limestone
23. Abandoned q u arr ie s  in Brownville limestone in the  NE 1/4 sec. 
13, T. 21 N., R. 5 E.
24. Limestone ledge capping b lu f f  west of Black Bear Creek in the
i  NE 1 / 4  sec . 29, T. 22 N., R. 6 E.
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Admire sha le
I  25. Thin fu s u l in id  limestone exposed in borrow d i tc h  on e a s t  s ide
j of curving north -sou th  road about 100 yards south of the Spring
Creek schoolhouse, SE 1/4 sec. 35, T. 23 N., R. 5 E. (25 f e e t  
below Americas limestone in s i t e  27).
I  26. Thin fu s u l in id  limestone exposed in borrow d i tch  on e a s t  s ide  
of road on the west l i n e  of the SW 1/4 sec. 19, T. 22 N .,
R. 6 E, (about 60 f e e t  below the Americas lim estone).
Americas limestone
27. Limestone outcrop on e a s t  s ide  of curving north-south  road 
about 1/4 mile south of Spring House schoolhouse, SE 1/4 sec. 
35, T. 23 N., R. 5 E.
*&28. Limestone ledge in west bank of Black Bear Creek immediately 
! north  of automobile b r idge  in the SW 1/4 sec. 33, T. 22 N .,
R. 5 E.
I  29. Limestone ledge on e a s t  s id e  of road along the west l in e  of
I the  SW 1/4 sec . 23, T. 22 N., R. 5 E.
j 30. Limestone exposures in borrow d i tc h  and in f i e ld  north  of
I road along south l in e  of the SW 1/4 sec. 1, T. 20 N., R. 5 E.
**31. Limestone exposures in f i e l d  about 1/4 mile e a s t  of the road 
along the  west l in e  of the  NW 1/4 sec. 31, T. 21 N ., R. 6 E.
32. Limestone outcrop along the road on north and west l ines  of 
the  NVJ 1/4 sec . 6, T. 20 N., R. 6 E ., near section  co rner .
Long Creek limestone
33. Limestone exposures along the  north and eas t  l in e s  of the 
NE 1/4 sec . 4, T. 23 N ., R. 5 E . , near the sec tion  corner.
34. Limestone exposures in the f i e ld  along the e a s t  s ide  of the
road in the NW 1/4 sec . 4, T. 21 N., R. 5 E.
35. Limestone outcrop on the  south s ide  of Oklahoma Highway 18 
along the north  l in e  of the NW 1/4 sec. 3, T. 23 N., R. 5 E.
Red Eagle limestone
36. Limestone quarry in the  NW 1/4 sec. 28, T. 20 N., R. 5 E.
37. Limestone exposures in and along both s ides  of the road on 
the  south l in e  of the SW 1/4 sec . 23, T. 20 N ., R. 5 E.
38. Limestone exposures in small sh a le  p i t  in the NW 1/4 sec . 20,
T. 21 N., R. 5 E . , along the west s id e  of Oklahoma Highway 18,
**39. Limestone exposure along the e a s t  s id e  of Oklahoma Highway 18
south of creek in the SW 1/4 sec .  19, T. 22 N ., R. 5 E.
40. Limestone exposures in Lions Club p icn ic  grounds in the SE l /4  
sec . 18, T. 22 N., R. 5 E.
41. Limestone exposures on the west s lope of the o u t l ie r
immediately e a s t  of SW corner sec , 28, T. 22 N., R. 5 E.
**42. Limestone outcrop on the south s ide  of the road along the
north  l in e  of the NW 1/4 sec ,  20, T. 22 N . , R. 5 E.
43. Limestone exposures along the automobile t r a i l  on the eas t  
l in e  of the SE 1/4 sec. 17, T. 24 N ., R. 5 E,
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Red Eagle limestone (cont'd)
*44, Limestone outcrop in the SE 1/4 sec. 31, T. 22 N., R. 5 E,,
across U.S. Highway 64 from H il l ' s  store in the southeastern
part of the town of Pawnee.
Roca shale
*45. Shale bank along the east side of Oklahoma Highway 18 in the
SW 1/4 sec. 29, T. 23 N., 8. 5 E.
46. Limestone outcrop on the east side of Oklahoma Highway 18 in
the NW 1/4 sec. 29, T. 22 N., R. 5 E.
Neva limestone
47. Limestone outcrop along the west side of Oklahoma Highway 18
in the NE l/4  sec. 31, T. 23 N., R. 5 E.
48. Small abandoned limestone quarry in the SE 1/4 sec, 19, T. 23 
N., R. 5 E., immediately west of the Victor schoolhouse.
*49. Limestone quarry in the NE 1/4 sec. 20, T. 23 N., R. 5 E ., 
about 100 yards east of Oklahoma Highway 18.
**50. Limestone quarry in the SW 1/4 sec. 30, T. 24 N., R, 5 E.
51. Limestone outcrop on the east side of road along the west
line of the NW 1/4 sec. 28, T, 24 N., R. 5 E.
52. Limestone exposure in the bed of Skedee Creek in the NW 1/4
sec. 13, T. 22 N., 8 . 4 E.
Fort Riley limestone
53. Limestone exposures along both sides of the road on the south
line  of the SW 1/4 sec. 33, T, 23 N., R. 3 E ., near section
corner,
54. Limestone exposures in f ie ld  immediately east of the road
along the west line of the NVJ 1/4 sec. 28, T, 23 N ., 8 . 3 E.,
and ju st  south of the NW corner of the section.
*Fossils moderately abundant
**Fossils highly abundant
A P P E N D I X  C
C O M P O S I T E  F O S S I L  R A N G E  C H A R T *  
P A W N E E  C O U N T Y ,  O K L A H O M A
F O R M A  T I O N
F O S S I L





















































Schwagerina sp . X X X
T r it ic i t e s  sp. X X X X X X X X X X X X X
PQRIFERA
u n id en tifia b le  specimen X
ANTHOZOA
Caninia torquia (Owen) X
Lophophyllidiua sp . X X X X X X X X X
Syringopora sp. X
CRinOIDEA
u n id e n tifia b le  fragments X X X X X X X X X X X X X X X X X
ECHINOIDEA
p la te s  and sp ines X X X X X
BHitCHIUPODA
A ntiquetonia sp . X X X X X X X X
Chometes g ra n u lifer  Owen X K X X X X X X X X X X X X X
Chunetes g ra n u lifer  meekana (G irty) X X
C h on itin e lla  (? )  sp . X X X X X X X X
C leioth yrid in a  perplexa (McChesney) X
Composita s u b t i l i ta  (H all) X X X X X X X X X X
Condrathvris perplexa (McChesney) X
C rurithyris planoconvexa (Shumard) X X X X X X X X X X X X
r .  ,  ' V X X X
Chonetes g ra n u lifer  Owen X X X X X X X X X X X X X X X
Chunetes g ra n u lifer  meekana (G irty) X X
C h o n itin e lla  (? )  sp . X X X X X X X X
C leio th yrid in a  perplexa (McChesney) X
Composite s u b t i l i t a  (H a ll) X X X X X X X X X X
Condrathyris perplexa (McChesney) X
C ru rith yris planoconvexa (Shumard) X X X X X X X X X X X X
Derbyia sp. X X X X X X X X X
Derbyla wabaunseensis Dunbar and Condra X
"Dictyoclostus" sp . X X X X
Oielasma bovidens (Horton) X X
E n tele tes hem iplicatus (H all) X X X X X
Hustedia mormon1 (Marcou) X X X X X X X X X
Juresania sp. X X X X X
Juresania nebrascensis (Owen) X X X X X X X X X
Lingula carbonaria Swallow X
Linoproductus sp . X X X X X X X X X X X X
"Marainifera" sp . X X X X X X X X X X
Meekella s tr ia to c o s ta ta  (Cox) X X X X
N eosp ir ifer  so . X X X X X X X X X X
N eosp ir ifer  dunbari King X X X X X X X X
O rbiculoidea m issou rien sis (Shumard) X X X X
P u n ctoso ir ifer  kentuckyensis (Shumard) X X X X X X
Rhipidomella sp . X X X X
T eguliferina  (? ) sp . X
W ellere lla  sp . X X X
W ellere lla  d e lic a tu la  Dunbar and Condra X X X X
W ellerella  truncata Dunbar and Condra X X X
BRÏOZOA
Bascomella fu siform is Condra and E lia s X X X X X
C aulostrep sis dunbari Condra and E lia s X
Rhombopora lepidodendroides Meek X X X X X X X X X X X X
Tabulipora sp . X X X X
encrusting forms X X X X X X X
fen estra te  forms X X X X X X X X X X X X X X
ramose forms X X X X X X X X X X
tabular ramose forms X X X X X X
PEU-CYPODA
Acanthopecten sp . X X
A llorism a sp . X X X X X X X X
A sta r te lla  sp . X X
A sta r te lla  concentrica McChesney X
Avlculopecten sp . X X X X X
Aviculopinna sp. X X
Aviculopinna americana Meek X
Edmondia ovata Meek and Worthen X
Leda sp . X
Hyalina sp. X X X X X X X X X X
Myalina (Hyalina) copei W hitfield X
Hyalina (Orthomyalina) slocomi Sayre X X
Myalina ((orthomyalina) subquadrata- Shumard X X
Nucula S P . X X
Pseudomonotls (? ) sp . X
Septim yallna sp . X
Yoldia alabra Beede and Rogers X
GASTROPODA
Amphiscapha c a t i l lo id e  (Conrad) X X X X X X
Cymatospira m ontfortlana (Norwood and Pratten) X
Ast a r t e l la  concerntrica McChesney
A vlculopecten sp .
Aviculopinna sp .
Aviculoplnna americana Meek
Edmondia ovata Meek and Worthen
l-eda SP.
Ilyalina sp
Wyallna (Hyalina) cop el W hitfield
Myalina (Orthomyallna) s lo c o a i Sayre
Mvallna (Orthomyallna) subquadrata- Shiuaard
Nwcula SP.
Pseudomonotls (? ) sp .
Septim yallna sp»
Yoldla glabra Beede and Rogers
GASTHOPOPA
Amphlscaplia c a t i l lo id e  (Conrad)
CvBiatospira m ontfortlana (Norwood and Prattea)
Euphealtes s p .
Eupheailtes carbonarius (Cox)
Glabrocinguluia g r a v v llle n se  (Norwood and Prattea)
Meekospira sp .
N aticop sls sp«
Pharkidonotus sp .
Pharkldonotus percarinatus (Conrad)
Pharkidonotus tr ic a r in a tu s  (Shuaard)
Phvmatopleura brazoensis (Shumard)





G astrioceras excelsun  (Meek) 
Hooreoceras tuba (G irty)_____
Pseudorthoceras knoxense (McChesney)
CUNULABIDAE






Deltodus    -
Petalodus d estru ctor (Newberry and Worthan)
FLCiRA
P ecopteris (?) sp .
_L
* Compiled from c o l le c t io n s  made a t the l o c a l i t i e s  l i s t e d  in Appendix B. 
numbers l i s t e d  with each s tra tig r a p h ie  u n it in  the heading re fer  to  the 
s i t e s  in Appendix B from which the f o s s i l s  l i s t e d  fo r  the u n it were c o l le c te d .
APPENDIX D
MEASURED STRATIGRAPHIC SECTIONS 
PAWNEE COUNTY, OKLAHOm̂
I  The following 42 sections have been carefully selected from
|the f ie ld  notes in an attempt to build a complete and representative 
composite section for Pawnee County. The sections are arranged in 
descending stratigraphie sequence as nearly as possible. Comparison on 
Plata 1 of the location, direction of measurement, and key beds of each | 
section should serve to locate the sections and to orient the interested  
reader in the f ie ld  so that, i f  desired, the sections may be re-examined.
The sections were measured upward using hand level and s tee l  |
I
tape. Since the dip of the surface beds is generally about one half |
!
degree and only a few of the sections extend over one quarter mile I
horizontally, no correction in thickness has been made for the e ffec t  of
I  dip. Many of the sections were measured parallel to str ike and need no !
I  i
isuch correction. i
Because of the poor exposures and scarcity of key beds in the I  
I western part of the county, i t  was impossible to obtain complete 
I  measurements of the stratigraphie sequence above the Cottonwood
^Additional measured sections in Pawnee County are l is ted  by 
Oakes (1952); Appendix A, sections 89 to 92.
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I  limestone. Where gaps occur, thicknesses have been determined from 
e lec tr ic  logs and are given in the text.
1. NW 1/4 SEC. 7, T. 22 N., R. 3 E .; WESTWARD ALONG
i  OKLAHOMA HIGHWAY 15 TO COUNTY LINE
Chase group 
Doyle shale




4. Sandstone,^ dark-red to brown, well bedded in beds 
to 1 foot thick, partly calcareous, with lenses of 
dark-gray dense sandy limestone, commonly leached, 
caps h i l l  7
Doyle shale
3. Shale, maroon, green, and yellow, variegated, flaky, 
with a thin bed of dark-gray nodular fresh-water 
(?) limestone containing steinkerns of a small 
high-spired gastropod 2
2. Shale, red, blocky 8
1, S iltstone, red, shaly, with interbedded red shale,
base covered 6
2. NE 1/4 SEC. 7, T. 22 N., R. 3 E.; NORTHEASTWARD FROM
OLD SANDSTONE QUARRY SOUTH OF OKLAHOMA HIGHWAY 15 TO 




5. Sandstone, white to red, thin-bedded, calcareous, 
with lenticular beds of gray sandy limestone 
and limy sandstone, caps h i l l  4.5:
Doyle shale |
4. Shale, green 0.5
3. Shale, red 15.5
2. Covered, probably red shale 36 :
1. Sandstone, red, massive, solution channels in top,
base covered 2.5
3. NE 1/4 SEC. 20, T. 23 N., R. 3 E.; WESTWARD ALONG ROAD
ON NORTH LINE OF SECTION
^Unless otherwise noted, a ll  sandstones are fine grained:
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F eet
10, Conglomerate, red, calcareous, composed of sand­
stone and limestone pebbles to 2 inches in length 1
9, Covered, probably red shale 1
8. Sandstone, red, massive to cross-bedded 13.5
7. Shale, red, mostly covered 23
6, S iltstone, red, shaly, appears to have channeled
surface of underlying shale 2
5. Shale, green, grading upward to red and gray, with
thin beds of red sandstone 10
Fort Riley limestone
4, Sandstone, light gray-green, thin-bedded to massive, 
in beds up to 1.5 feet thick, interbedded with 
green shale especially in lower part 5
3. Shale, green 6
2. Limestone, gray-green, shaly, fo ss i l ifero u s ,  lime­
stone pellets  stand out on weathered surface 1
Matfield shale
1, Shale, green, with a few s ilts ton e  laminae, grades
downward to red shale, base covered 5
4 . NE 1/4 SEC. 26, T. 23 N., R. 3 E.; SOUTHh/’ESTlVARD FROM




10. Sandstone, light-tan, bedded, with pothole-like  
structures up to 1 foot in diameter on top 
surface, caps h i l l  2
9. Shale, gray, containing fragments of fossiliferous
gray limestone in float 13
Matfield shale
8 . Shale, red, mostly covered 55
7. Sandstone, massive, f lo a t  only 1
6. Covered, probably red shale, with limestone nodules 
containing c a lc i t e - f i l le d  dessication cracks in 
f loa t near top 10
5. Sandstone, red, cross-bedded, base covered 3
4. Covered, probably shale 10
3. Sandstone, highly cross-bedded, mostly covered 7
2. Covered, red shale float 15
Kreford limestone
1. Limestone, red to gray, fo ss i l ifero u s ,  containing 
yellow ferruginous p e lle ts  (highest float in 
drainage channel) 0.5
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5 . NE 1/4 SEC. 5, T. 22 N., R. 3 E.; EASÏÏ/ARD ALONG




6. Shale and sandstone, red, not measured 
5, Sandstone, thin-bedded, shaly, with interbedded
shale 3
Fort Riley limestone
4. Limestone, brown, rotten, composed largely of algal 
p elle ts  most of which have altered to limonite, 
contains molluscan fauna and Orbiculoidea. top 
covered 3.5
3. Limestone, gray-brown, well bedded, s i l t y ,  contains 
molluscan fauna, in beds to 1 foot thick with 
interbedded shale 15
Matfield shale
2. Shale, gray, interbedded with thin beds of ca l­
careous s i lts to n e  3.5
1. Shale, red and gray, calcareous, grading upward
to gray, non-calcareous, s i l t y ,  weathers buff, <
base covered 10
6. SE 1/4 SEC. 4, T. 22 N., R. 4 E,; EASTl'JARD ALONG
OKLAHOMA HIGHIVAY 15 ALONG SOUTH LINE OF SECTION
Chase group
Wreford (?) limestone
4. Limestone, gray, sandy, s i l iceou s , partly f o s s i l ­
iferous, with abundant myalinids, apparently 
lenticular in underlying sandstone, locally  I
recrysta llized , vuggy l«5i
3. Sandstone, white with brown spots, well bedded, ca l­
careous but mostly leached, with numerous solution  
pits and channels 3.5
2. Limestone, thin-bedded, highly foss i l iferou s  (my- |
alinids and pectinoids), interbedded with red i
shale in lower 1 foot 2 |
Council Grove group 
Garrison shale
1. Shale,red with light-gray mottling, partly ca l- i
careous, base covered 5
i t .  SW 1/4 SEC. 5, T. 22 N., R. 4 E.; WESTIVARD ALONG
I  OKLAHOMA HIGHIVAY 15 ALONG SOUTH LINE OF SECTION
I Chase group
I Wreford (?) limestone i
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6. Sandstone, white with dark-brown spots, calcareous 
to leached, numerous solution pits  and channels, 
base covered 
Council Grove group 
Garrison shale
5. Shale, dark-red and brown, partly calcareous, 
sandy, top covered
4. Sandstone, dark-red, shaly, highly cross-bedded, 
probably lenticular  
3, Shale, red, containing a few beds of cross-bedded 
sandstone to 8 inches thick
2. Sandstone, light-gray, fine- to medium-grained, 
cross-bedded, thin-bedded to massive, probably 
lenticular







18. NW 1/4 SEC. 15, T. 23 N., R. 4 E .; SOUTHWARD ALONG 
CREEK FROM SPRING BELW SANDSTONE SCARP
Council Grove group 
Garrison shale
11. Sandstone, light-tan with dark-brown beds and spots, 
massive at top to highly cross-bedded near base, 
vertical jointing in upper part, lower part 
containing cross-bedded lenses of conglomeratic 
limestone to 1.5 feet  thick with pebbles up to 
1 inch in diameter 
10. Shale, red, with calcareous nodules, largely 
covered
9. S iltston e , yellow, highly calcareous, poorly 
exposed
8. Shale, red, with calcareous nodules
7. Sandstone, thin-bedded, partly calcareous, inter­
bedded with red shale 
Cottonwood limestone
6. Limestone, gray, shaly, composed of minute p e lle ts ,  
probably algal
5. Covered, probably shale and limestone
4. Limestone, gray, shaly, composed of minute p e lle ts ,  
probably algal 
Eskridge shale
3. Shale, red and green, variegated, partly s i l t y ,
flaky, with beds of s i l t s to n e ,  grading upward to 
red shale with about 8 feet of thin-bedded highly 
cross-bedded sandstone in upper part
2 . Sandstone, cross-bedded to massive to contorted, 
with thin lenses of green s i l t y  shale especially  
near base
1. Shale, red, with thin beds of green shale near 











9. SE 1/4 SEC. 2, T. 23 N., R. 4 E.; EASTWARD ALONG
ROAD ON SOUTH LINE OF SECTION
Council Grove group 
Garrison sha le
5, Covered, capped by limestone f lo a t  (M orrill  lime­
stone?) , l ig h t-g ray  with a lg a l  p e l l e t s  and 
small s h e l l s  evident on weathered su rface  23
4. Sandstone, thin-bedded, base covered 1
3. Shale , red , with calcareous nodules 8
Cottonwood limestone
2. Limestone, l ig h t  greenish-gray , c r y s t a l l i n e ,
sparse  molluscan fauna 2.2
Eskridge sha le
1. Shale , red , with le n t ic u la r  beds of w ell bedded, 
p a r t l y  con torted  sandstone up to  3 .5  f e e t  
th ick ,  base covered 20
10. E 1/2 SEC. 2 , T. 23 N., R. 4 E.; SOUTHVJARD FROM
NEVA LIMESTONE EXPOSURE IN CREEK SOUTH OF OKLAHOMA 
HIGHWAY 18 TO OUTLIER OF COTTONWOOD LIMESTONE
Council Grove group 
G arrison sh a le
6. Covered, capped by thin-bedded sandstone 6
Cottonwood limestone
5 . Limestone su r face ,  gray, weathered 1
Eskridge shale
4. Covered by Quaternary te r r a c e  98
Neva limestone (lower member)
3. Limestone, gray-brown, fo s s i l i f e ro u s  0,5
2. Covered 5
1. Limestone, brownish-gray, s i l i c e o u s ,  f o s s i l i f e r o u s ,  
w ell bedded in beds up to  1 foot th ick  separated  
by th in  beds of s i l t y  gray f o s s i l i f e ro u s  sha le ,  
zone of c h e r t  nodules in limestone about 7 fe e t  
above base, base covered 13
11. SW 1/4 SEC. 6, T. 20 N., R. 5 E.; SOUTHlV'ARD ALONG
ROAD W WEST LINE OF SECTION
(Around corner to  south and e a s t ,  th i s  sec tio n  is  overla in  
I  by th ick  complex sequence of sha le  and sandstone, la rge ly
I  red)
I  Council Grove group 
Neva limestone
I 5 .  Limestone, gray, c ry s ta H in e ,  s i l i c e o u s ,  c r in o id a l ,
i _____________ wijùi-r-éd_-siiaxe-JjiclusioiiS-,--C apS—h 111 _ ---------------  1^5
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4. Shale, gray
3. Limestone, gray, weathers d i r ty  brown, c r y s ta l l in e ,  
s i l i c e o u s ,  c r in o id a l ,  in  th ree  beds separated by 
sha le ,  molluscan fauna in upper bed
Roca sha le
2. Shale, gray, mottled with red in cen ter







12. m  1/4 SEC. 32. T, 23 N,, R, 5 E .; SODTHWARD ALONG
EAST SIDE OF OFI.AHOMA HIGHh'AY 18 FROM LIMESTONE 
EXPOSURE NEAR CULVERT
Council Grove group 
Eskridge sha le
7. Shale , gray to  red , not measured 
Neva limestone
6, Limestone, g reen ish -g ray , dense, w ith s h e l l  fragments l
5 . Sandstone, with in terbedded sha le  in  lower p a r t  3
4. Shale , gray, mostly covered 13
3. Limestone, dark-gray , dense, sparse ly  f o s s i l i f e r o u s ,
base covered (bed 6 of sec tion  13) 1
2. Covered, gray sha le  in  f l o a t  9
1, Limestone, brownish-gray, cher ty ,  f o s s i l i f e r o u s ,
base covered 5
13. SE 1/4 SEC. 30, and NE 1/4 SEC. 31, T. 23 N., R.
5 E. ; SOUTHl'JARD ALONG OKUHÜftîA HIGHWAY IB THROUGH 
SECTION CORNER
Council Grove group 
Neva limestone
6. Limestone, gray to  redd ish -g ray , sp a rse ly  f o s s i l ­
i f e ro u s ,  a lga l a t  base , caps h i l l  (bed 3 of 
s ec tio n  12) 2.5
5. Shale , gray, with s i l t s t o n e  laminae 5.5
4. Limestone, gray to  gray-brown, dense, f o s s i l i f e r o u s ,  | 
p a r t ly  s i l i c e o u s ,  con ta in ing  ch e r t  nodules and |
l e n t i l s  and a few th in  beds of f o s s i l i f e ro u s  |
s h a le  11 i
3. Limestone, b lue-g ray , weathers b u ff ,  s i l t y  and |
s i l i c e o u s ,  grading downward to s i l t s t o n e  2 I
Roca sha le  |
2. Shale and sandstone, interbedded 2 |
1. Shale , gray, weathers drab, conta in ing  calcareous j
concre tions ,  base covered 13 |
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14. SW 1/4 SEC. 29, T. 23 N., R. 5 E . ; SOUTHWARD ALONG
OKIAHOMA HIGHWAY 18 FROM LIMESTONE OUTCROP ON EAST 
SIDE OF ROAD
Council Grove group 
Neva limestone
; 5. Limestone, gray to  gray-brown, ch e r ty ,  f o s s i l i f e ro u s ,
with th in  in te r c a la t io n s  of gray sha le ,  grades 
downward to  s i l t s t o n e ,  caps h i l l  10
Roca shale
4 . Shale, gray, w ith a few th in  beds of highly f o s s i l -  
' i fe rous  shaly limestone and thin-bedded s i l t s t o n e  16
3, Shale, gray, f o s s i l i f e r o u s ,  interbedded with th in  
beds of highly fo s s i l i f e ro u s  limestone conta in ing  
a molluscan fauna 5
; 2 . Shale, red a t  base grading upward to  reddish-brown,
with gray-green s i l t s t o n e  laminae 22
1. Limestone, green to  redd ish-green , sha ly , a lg a l ,
I  sp a rse ly  f o s s i l i f e r o u s ,  underla in  by green sha le ,
I base covered (This sec tion  continues upward from
I  bed 4 in sec tio n  15.) 0,5
15. NW 1/4 SEC, 29, T. 23 N., R. 5 E .; SOUTHWARD ALONG ;
! OKLAHOMA HIGHIVAY 18 FROM LIMESTONE OUTCROP EAST Oi'
i  HIGHWAY ON SOUTH BANK OF COAL CREEK
Council Grove group 
Roca sha le
5. Shale, red grading upward to  gray, top covered 10
4 . Limestone, gray-green to  maroon, m ottled , sparse ly
f o s s i l i f e r o u s ,  a lg a l  in lower p a r t ,  base covered 0,5
3 . Shale , red , with a few th in  beds of nodular
limestone and l ig h t-c o lo re d  s i l t s t o n e  23 i
2. Covered, probably red sha le  12 ;
1. Limestone, gray, gray-green, and brown, sandy, 
con ta in ing  i r r e g u la r  sandstone masses, base 
covered (bed 11 of sec tion  16) 2 '
16. NE 1/4 SEC. 30. T, 22 N., R. 5 E .; NORTHIVARD ALONG
ROAD ON EAST LINE OF SECTION
Council Grove group 
Roca sha le
11, Limestone, sandy, conta in ing  la rge  i r r e g u la r  sand­
stone masses, molluscan fauna (bed 1 of sec tio n  15) 1,5
10. Limestone, gray-green , c r in o id a l ,  w ith abundant
s h e l l  fragments, con ta in ing  r e c r y s ta l l i z e d  c a l c i t e  1.5
9. Shale, green, brown, and red , p a r t ly  s i l t y  1.3
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8. S i l t s to n e ,  thin-bedded 0.5
7, Shale , brown, green, and red, p a r t l y  s i l t y  11,5
6. Shale, gray 2
5. Covered, probably sh a le  with some sandstone 24
Red Eagle limestone
4. Limestone, dark-gray , p a r t ly  sha ly ,  highly  f o s s i l ­
i f e ro u s ,  with abundant "M ara in ife ra" 1.5
3. Shale , gray, ca lcareous ,  highly  fo s s i l i f e ro u s  1
2. Limestone, gray, sha ly , f o s s i l i f e ro u s  0,5
Johnson sha le
1. Shale , gray, not measured
17. SEC. 23, T. 20 N., R. 5 E.; WESTl’fARD ALONG ROAD
j ON SOUTH LINE OF SECTION FROM SANDSTONE EXPOSURE
I IN CREEK SOUTH OF ROAD
Council Grove group 
Red Eagle limestone
13. Limestone, gray, f o s s i l i f e r o u s ,  in sev e ra l  beds
separa ted  by th in  beds of gray sh a le ,  fu s u l in id s  
abundant in middle beds 5 .5
Johnson s h a le
12. Shale, red a t  base grading to  gray, marly a t  top ,
mostly covered 20 |
11, Sandstone, th in-bedded, mainly red 1 |
10. Covered, probably red shale  10 |
9. Sandstone, pu rp le  and yellow m ottled , h ighly
calcareous 9 ;
8 .  Shale , gray , grading upward to  red and gray |
m ottled , mostly covered 14 |
Long Creek limestone I
7 .  Limestone, gray, dense, p a r t l y  sha ly , c r in o id a l ,
in th re e  beds separa ted  by th in  sh a le ,  fu su l in id s  
in middle bed 2 |
6 ,  Shale , mostly covered 11.5
5. Limestone, p u rp l ish -g ra y ,  c r in o id a l ,  capped by two
inches of gray coquinoid d e t r i t a l  limestone 1 :
4 .  Shale , gray, con ta in ing  abundant small limestone
nodules 3 |
3 . Limestone, l i g h t  brownish-gray, con ta in ing  abundant
s h e l l  fragments, base covered 1.5
Hughes Creek sh a le  ;
2 . Shale , gray 9.5
1. Sandstone, light-brow n, massive, with some
con to rted  bedding, base covered 40 :
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18. NE 1/4 SEC. 9, T. 23 N., R. 5 E.; WESTORD ALONG




9, Limestone, brownish-gray, dense, f o s s i l i f e ro u s ,
with a few fu s u l in id s ,  caps h i l l  1
8. Shale, gray 4.5
7, Limestone and sha le ,  interbedded in beds up to
6 inches th ick  7.5
6. Limestone, dark-gray , shaly , dense, f o s s i l i f e ro u s ,
contain ing  c r ino id  debris  and small fu su l in id s  1.2
5. Shale, gray, weathers b u ff ,  marly, f o s s i l i f e ro u s ,  
with bryozoans, c r in o id s ,  and la rge  fu su lin id s  
( T r i t i c i t e s  and Schwagerina) 5
4. Limestone, gray, sha ly , dense, f o s s i l i f e ro u s ,  
conta in ing  c r in o id  debris  and abundant la rge  
fu su lin id s  1.3
3. Shale , gray, weathers bu ff ,  marly, f o s s i l i f e ro u s ,
contain ing  bryozoans, c r in o id s ,  and fu su lin id s  4.5
2. Limestone, dark-gray, sha ly ,  f o s s i l i f e ro u s  0.3
Hughes Creek shale
1. Shale , gray , not measured
19. SW 1/4 SEC. 2 , T. 21 N., R. 5 E.; WESTWARD ALONG
ROAD ON SOUTH LINE OF SECTION
Council Grove group
Long Creek limestone
16, Limestone, weathers brown, thick-bedded, f o s s i l ­
i f e ro u s ,  caps h i l l  2 . cl
15. Shale , gray, calcareous 3 |
14. Limestone, brownish-gray, sha ly ,  p a r t l y  f o s s i l -  i
i f e ro u s ,  mostly covered 0 .5
Hughes Creek sha le
13. Covered, gray sh a le  w ith  sandstone fragments in f l o a t  7 ;
12. Sandstone, base covered 23 i
11. Covered, probably sha le  9 |
Aiflericus limestone
10. Limestone, g reen ish -g ray  to  gray, dense, massive, 
highly f o s s i l i f e r o u s ,  shaly in upper p a r t ,  
conta in ing  fu s u l in id s  near base 1
9 . Covered, probably sh a le  4
8 , Limestone, dense, c r y s t a l l i n e ,  thin-bedded, non-
fo s s i l i f e ro u s  (bed 7, sec tion  20) 1.5
Admire group
7. Shale , reddish-brown and gray, m ottled 4 ;
6. Covered, probably sh a le  12.5
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5. Sandstone, i ro n -s ta in e d ,  p a r t ly  con to rted , massive 
a t  base grading upward to  thin-bedded, c ross-  
bedded, with interbedded sha le  lenses 22
4. Shale, red , with green s i l t y  s treaks  near base,
mostly covered 11
3. Limestone, l ig h t  g reen ish -g ray , nodular, c r in o id a l ,  
highly f o s s i l i f e ro u s ,  containing Hustedia and 
p ec t in o id s ,  w ith interbedded variega ted  shale  1.5
2. Shale, red and green, variega ted  1,5
1. Sandstone, base covered 1
120. NE 1/4 SEC. 2, T. 21 N., R. 5 E,; SOUTHWARD FROM
‘ BRœ'NVILLE LIMESTONE EXPOSURE TO TOP OF OUTLIER
IN CENTER OF SEC. 2
Council Grove group 
j Araericus limestone (basal bed)
I 7. Limestone, gray, dense, c r y s t a l l i n e ,  thin-bedded,
i abundant in f l o a t  capping h i l l  (bed 8 of
I sec tio n  19) 2
I Admire group
6 . Covered 25
5. Sandstone, massive, f l o a t  only 16
4. Covered, probably sha le  22 i
3. Limestone, gray and gray-green, m ottled , contain ing  
small fu su l in id s  and limestone p e l l e t s ,  in f lo a t  
only 1
2. Covered, f l o a t  contains sh a le  and sandstone with i
some thin-bedded and nodular limestone and 
calcareous sandstone 71 I
Wabaunsee group
1. Limestone, gray-brown, c r y s t a l l i n e ,  f o s s i l i f e ro u s ,
base covered 3
21. SIV 1/4 SEC. 36, T. 23 N., R. 5 E.; and NE 1/4 SEC. 2,
T. 22 N., R. 5 E.; SOUTHWARD ALONG ROAD THROUGH 
SECTION CORNER
Council Grove group 
Hughes Creek sha le
17. Sandstone, massive, caps h i l l  3
16. Covered, probably sha le  9
Ameri eus limestone
15. Shale , gray, p a r t ly  ca lcareous , with interbedded
fo s s i l i f e ro u s  limestone 16.5
14. Limestone, g reen ish -g ray , sha ly , f o s s i l i f e ro u s
esp e c ia l ly  on top su rface  1 .5 |
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13. Shale , gray, p a r t l y  calcareous 5
12. Limestone, brownish-gray, dense, abundant molluscan
fauna (p e c t in o id s ) ,  with interbedded sha le  9
Admire group
11. Shale , gray and red 16.5
10. Limestone, gray, f o s s i l i f e r o u s ,  thin-bedded, in 
f l o a t  only, con ta ins  abundant h igh-sp ired  
gastropods, o ther mollusks, and brachiopods 2
9. Shale , red , with l ig h t-c o lo re d  s i l t s t o n e  beds 9
8, Sandstone, massive to  th in-bedded, ca lcareous , hard 7
7. Shale , red , w ith th in  beds of l ig h t-c o lo re d  s i l t ­
s tone and sandstone e sp e c ia l ly  in upper p a r t  21
6 . Limestone, g ray-green , shaly , highly f o s s i l i f e r o u s ,
c r in o id a l  0.5
5. Shale, red , s i l t y ,  ca lcareous ,  f o s s i l i f e ro u s  2
4. Limestone, gray-green and purple , f o s s i l i f e r o u s ,
abundant fu s u l in id s  0 ,5
3. Shale , gray 9
2 . Limestone, gray, f o s s i l i f e r o u s ,  con ta in ing  Myalina 0.5
1. Shale , red , base covered 5
122. SE 1/4 SEC. 30, T. 22 N., R. 6 E .; NORTHWARD ALONG
ROAD ON EAST LINE OF SECTION
Admire sha le
8. Sandstone 1
7 . Covered, probably red  shale  2 . 5 |
6. Limestone, brown, s i l t y ,  in la rge  l e n t ic u la r  masses 1.5
5 . Covered, probably red sha le  4.5:
4. Sandstone, i ro n - s ta in e d ,  well bedded, con ta in ing
so lu t io n  channels 11
3 . Shale and sandstone, interbedded in 3 to  4 inch beds 1
2. Covered, probably sh a le  3
Wabaunsee group
Brownville limestone
1. Limestone, brownish-gray, dense, base covered 5
23. SW 1/4 SEC. 13 and NW 1/4 SEC. 24, T. 21 N.,
R. 5 E .; SOUTHWARD ALONG CREEK BED
Wabaunsee group
Brownville limestone
8 ,  Limestone, l i g h t  brownish-gray, sub lithog raph ic  to 
f in e ly  c r y s t a l l i n e ,  top p a r t  S t y l o l i t i c ,  c r in o id a l ,  
lower 2 f e e t  con ta in ing  abundant f u s u l in id s .  A 
zone of so lu t io n  channels up to  6 inches in 
diameter occurs 1.5 f e e t  below top. 6
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Pony Creek sha le
7. Covered 9
6. Shale , grayish-brown, f i s s i l e  6
5. Shale , grayish-brown, ca lcareous , con ta in ing  lime­
stone nodules and Myalina 0,5
4. Shale , grayish-brown, carbonaceous a t  base 1.5
3. Coal 0.5
2. Sandstone, gray, l e n t i c u l a r ,  f in e -g ra in e d ,  c a l ­
careous, p a r t ly  con to rted ,  with su r face  s t r i a t i o n s  
s t r ik in g  n o r th e a s t  0 to  1
1. Shale , l ig h t-g ra y  to  brown, c layey, carbonaceous,
base covered 1.5
24. NE 1/4 SEC. 4, T. 22 N., R. 6 E .; SOUTHWARD FROM




27. Limestone f l o a t ,  caps h i l l  1
I Pony Creek sha le
I 26, Covered, probably gray sh a le  10
I  25. Covered, sha le  in  f l o a t ,  w ith a zone of f o s s i l ­
ife rous  calcareous nodules a t  top  11
24. Sandstone, thin-bedded to  massive 2
23. Covered, sha le  in f l o a t ,  contains lenses of
conglomeratic limestone 27
22. Covered, probably sh a le ,  ta b u la r  blocks of sand­
stone in  f l o a t ,  bench a t  top 25
“Grayhorse’* limestone 
21. Shale , weathers b u ff ,  ca lca reous , h ighly  f o s s i l ­
i f e ro u s ,  w ith abundant Myalina. con ta ins  a few 
th in  beds of buff f o s s i l i f e ro u s  lim estone, top 
covered 2
Gano sh a le
20. Shale , red ,  w ith  red  calcareous nodules, grading 
upward to  green sha le  conta in ing  green nodules 
in  lower p a r t  20
19. Sandstone, thin-bedded, s i l t y ,  base covered 1
18. Covered, red sha le  in f l o a t  30
Elmont limestone
17. Limestone, light-brown to  green and red mottled, 
c r y s t a l l i n e ,  p a r t ly  shaly , f o s s i l i f e r o u s ,  with 
abundant small fu s u l in id s ,  base covered 1
16. Covered, gray sha le  in f l o a t  con ta in ing  Myalina.
Chonetes. and c r in o id  d eb ris  4,5
15. Limestone, gray, sandy, thin-bedded, conglomeratic,
w ith pebbles to  2 mm 0.5;
14. Covered, probably sha le ,  w ith a one-foo t sandstone 
 faed-iji—lower-5 - f e e t ----------------------------   13-
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13. Limestone, l ig h t-g ra y ,  c r y s t a l l i n e ,  dense, 
conta in ing  abundant fu su lin id s  e sp ec ia l ly  
near base, base covered 1,5
Harveyville  sha le
12. Covered, probably sha le  with th in  beds of sandstone 13.5
11. Sandstone, massive to  cross-bedded, contorted  10
10. Covered 18
9. Sandstone, thin-bedded, calcareous 2
8. Limestone, brown, conglomeratic, sandy 1.5
7. Covered 4
6. Limestone, green, shaly , fo s s i l i f e ro u s  0,5
5. Covered, probably sha le  3.5
4. Shale, green, ca lca reous ,  conta in ing  fu s u l in id s ,
top covered 0,5
Reading limestone
3. Limestone, dark-gray, shaly , conta in ing  abundant
small fu su l in id s  0.5
2. Shale, green, calcareous, base covered 1
1. Alluvium, not measured
25. SE 1/4 SEC. 21, T. 22 N., R. 6 E.; NORTHWARD ALONG ROAD
I ON EAST LINE OF SECTION
!I :
Wabaunsee group
Pony Creek sha le
19. Sandstone, h ighly cross-bedded, thin-bedded, i n t e r ­
bedded w ith  gray sha le  a t  base, grading upward ic  
massive, co n tac t  with underlying sha le  suggests 
channeling, caps h i l l  26 j
18. Shale, red 4 |
17. Limestone, gray-brown, conglomeratic, w ith |
abundant s h e l l  fragments 1.5;
16. Shale , gray 1 j
15. Sandstone, shaly» th in-bedded, with interbedded sha le  2 i
14. Shale, gray 7
’’Grayhorse” limestone
13. Shale, gray, ca lca reous ,  con ta in ing  calcareous 
nodules and th in  beds of fo s s i l i f e ro u s  lime­
s tone , Myalina abundant 4
Gano sha le
12. Shale, gray, p a r t ly  red , mostly covered 27,5
11. Sandstone and sha le ,  interbedded 2
10. Sandstone, l ig h t -c o lo re d ,  massive 8 ;
9. Shale , red 6.5
Elmont limestone
8. Limestone, gray-green , s i l t y ,  abundant s h e l l  fragments 1
7. Shale, red 5
6. Shale, red , f o s s i l i f e r o u s ,  con ta in ing  abundant
small limestone nodules and fu su l in id s  1
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5 . Limestone, gray-green and maroon, m ottled, shaly , 
f o s s i l i f e r o u s ,  abundant s h e l l  fragments and 
bryozoans 1.5
4. Shale, green, with th in  beds of nodular shaly
limestone with molluscan fauna 5
3, S i l t s to n e ,  thin-bedded, grading upward to ca lcareous , 
upper 1 inch is  s i l t y  limestone containing a 
molluscan fauna and Linoproductus 2,5
2. Shale, brownish-gray, s i l t y ,  lower 15 f e e t  covered 17,5
1. Limestone, gray, contain ing  abundant fu s u l in id s ,
base covered 1
26 ,  NE 1/4 SEC. 15 and N« 1/4 SEC. 14, T. 21 N.,
R. 6 E .; EASTIVARD ALONG ROAD ON NORTH LINE OF 
i  SECTION FROM JUST WEST OF SECTION CORNER
I  Wabaunsee group 
i  Elmont limestone
18. Limestone, gray-brown, dense, conchoidal f r a c tu re ,
conta in ing  abundant fu s u l in id s ,  caps h i l l  2.5
H arveyville  sha le
17, Covered, probably sh a le  3
16. Sandstone, tan , massive 1
15. Covered, probably gray sha le  w ith th in  beds of
sandstone 13.5
14. Sandstone, orange, massive, base covered 12
13. Shale , red , mostly covered 16,51
12. Limestone, gray, abundant s h e l l  fragments
and fu su l in id s  1
11, Shale, gray 4,5
Reading limestone
10, Limestone, gray, sha ly ,  contain ing  s h e l l  fragments
and fu s u l in id s ,  base covered 1
9, Covered, sha le  in f l o a t  2 ;
8, Limestone, gray, s i l t y ,  conta in ing  s h e l l  fragments 1
7, Covered, probably sha le  5.5
6 ,  Sandstone, ca lcareous , contain ing impressions of
m yalin ids, p ec t in o id s ,  and other mollusks 2
5. Shale , red , grading upward to  green, calcareous 12 i
4. Limestone, m ottled red and gray-green, massive,
c r in o id a l  2
3. Limestone, l i g h t  gray-green, s i l t y ,  c r in o id a l ,  
conta in ing  a lg a l  p e l l e t s ,  interbedded with and 
grading upward in to  red shale  (base Stonebreaker 
limestone) 1
Auburn sha le
2. Sandstone, w ith  lenses of red sha le  1.5:
1. Shale, red , base  covered 6 i
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27. NW 1/4 SEC. 1, T. 20 N., R. 6 E.; SOUTHARD ALONG
ROAD ON WEST LINE OF SECTION FROM EXPOSURE OF 
WAKARUSA LIMESTONE IN CREEK IN SE 1/4 SEC. 35,
T. 21 N., R. 6 E.
Wabaunsee group
H arveyville  sha le
19. Shale, with a bed of sandstone in middle,
poorly exposed, caps h i l l  10
18. Limestone, gray, dense, abundant s h e l l  fragments 1
Reading limestone
17. Covered, sha le  and fu su lin id  limestone in f l o a t  12
I  16. Limestone, l ig h t-g ra y ,  sandy, th in-bedded, contain ing
I f o s s i l  impressions and interbedded sha le  5
15. Covered, f l o a t  contains sha le  and thin-bedded
sandstone 7
14. Covered, capped by red limestone f l o a t  on bench
in f i e l d  to  e a s t  of road (base Stonebreaker
limestone) 14
I  Auburn sha le
I 13. Sandstone, massive to  thin-bedded, base covered 9.5!
I  12. Covered, probably red shale  18
I 11. Shale , red  2
I  10. Limestone, f o s s i l i f e r o u s ,  nodular 0.5
I 9 . Shale, green, grading upward to  red , with a len­
t i c u l a r  sandstone bed to  3 f e e t  th ic k  near base 26
Wakarusa limestone
8 .  Limestone, g ray-green , f o s s i l i f e r o u s ,  p a r t ly  shaly , 
fu s u l in id s  abundant, in terbedded with green shale  
(bench mark on NVJ corner sec. 1 is  31 f e e t  above 
top of limestone) 3 i
7. Shale, green, ca lcareous , f o s s i l i f e r o u s ,  conta in ing  i
calcareous nodules and abundant fu s u l in id s  1
6 . Limestone, as above 0 .5 '
5 .  Shale, green, as above 1
4. Limestone, as above 0 .6
3. Shale, green, as above 2 . 5 i
2. Limestone, as above, top su rface  shaly 1
H a l l e t t  sha le
1. Shale , green, as above, below w ater ,  not measured
28. NE 1/4 SEC. 20, T. 22 N., R. 7 E.; NORTWJARD FROM
ARKANSAS RIVER ALLUVIUM TO TOP OF WAKARUSA OUTLIER
Wabaunsee group 
Auburn sh a le
11. Shale , capped by sandstone f l o a t  13
Wakarusa limestone
10. Limestone, gray, shaly , sp a rse ly  f o s s i l i f e r o u s .
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with abundant f u s u l in id s ,  base covered 5
H a l l e t t  sha le
9 , Covered, probably s h a le  and sandstone, bench
6 f e e t  from base  34
8. Sandstone, brown, thin-bedded, p a r t ly  ca lcareous ,
shaly , with interbedded sha le  4
7. Covered, probably sandstone and sha le ,  bench
33 f e e t  above base 51
6. Limestone, l ig h t-g ra y  to  brown, s i l t y ,  with abundant 
brown fu s u l in id s  (co l lo q u ia l  "wheat” limestone) 2
5, Covered, probably sh a le  32
Bird Creek limestone
4. Limestone, dark-gray , shaly 2
3, Covered, probably sha le  18
2. Covered, capped by sandstone bench, contains
Turkey Run limestone 30
1, Alluvium, not measured
29. NE 1/4 SEC. 31, T. 20 N., R. 7 E.; WESH'/ARD ALONG
I NORTH LINE OF SECTION FROM LIMESTONE EXPOSURE IN
I CREEK
I Wabaunsee group 
I Auburn sh a le
13. Sandstone, mèdium-grained, massive to  con to rted ,
caps h i l l  12
Wakarusa limestone
12. Limestone, l ig h t -g ra y ,  f o s s i l i f e r o u s ,  contains
T r i t i c i t e s . poorly  exposed 2
H a l l e t t  sh a le
11. Shale , gray, w eathers bu ff ,  ca lcareous with 
T r i t i c i t e s  near top , th in  beds of s i  I t s  tone 
toward base 7
10, Sandstone, b u ff ,  f in e -  to  medium-grained, c ro s s ­
bedded to  con to rted  11
9. Covered, probably sh a le  26
8 .  Sandstone, cross-bedded 4
7. Shale , mostly covered 20
6 . Sandstone, w h ite ,  massive, speckled with brown
iron  s ta in s  3
5 . Shale ,  mostly covered 2 .5
4. Sandstone, b u ff ,  massive 1*5
3. Covered, probably sh a le  with beds of sandstone
and sandy limestone (in  f lo a t )  29
Bird Creek limestone
2 . Limestone, dark-gray , sha ly ,  f o s s i l i f e r o u s ,
con ta ins  T r i t i c i t f &  0,5
Severy sh a le
___________1. Shale , gray, not me a s u re d _______________ _____ ________
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30. SE 1/4 SEC. 29, T. 21 N., R. 7 E.; SOUTHMESTk'ARD
FROM LIMESTONE EXPOSURE IN CREEK BED TO ROAD CUT 
IN ROAD ON SOUTH LINE OF SECTION'
Wabaunsee group 
H a l l e t t  sha le
14, Sandstone, cross-bedded to massive, thin-bedded a t
top, contains lenses of c a l c i t e  cement, caps h i l l  4
13. Shale , red and gray, with s i l t y  s treak s  5
12, Sandstone, massive 0 ,7
11- Shale , gray, s i l t y  2
10. Shale , purple , with gray-green s i l t y  laminae 0.5
9. Shale, gray, p a r t ly  s i l t y  26
Bird Creek limestone
8. Limestone, gray, dense , f o s s i l i f e ro u s ,  contains
I I d t i c l t e s  1.3
! Severy sha le
7. Shale , l ig h t-g ra y ,  clayey 6
6. Shale , red and gray, with beds of s i l t s t o n e  8
5. Covered, probably sha le  and sandstone 26
Pawhuska formation
Turkey Run limestone member
4. Limestone, dense, dark-gray, jo in te d ,  f o s s i l ­
ife rous  toward base , contain ing  T r i t i c i t e s  1,5
3. Shale , dark-gray, carbonaceous 1 i
2 .  L ig n ite  1 |
1. Shale , gray, not measured
31. NW 1/4 SEC. 23, T. 21 N., R. 7 E.; WESTWARD IN ROAD |
CUT ALONG U.S. HIGHIVAY 64 i
Wabaunsee group 
Severy sha le
20. Sandstone, massive, bu ff ,  speckled with brown |
iron  s t a in ,  caps h i l l  3.5:
19. Sandstone, bedded, bu ff ,  speckled with brown
iron  s ta in  1
18. Shale , dark-gray and brown, f i s s i l e ,  becomes
marly and f o s s i l i f e ro u s  near base 13
Pawhuska formation
Turkey Run limestone member
17. Limestone, gray-brown, dense, a rg i l la c eo u s ,
fo s s i l i f e ro u s  3
16. L ig n ite  0 ,5
15. Underclay (?) 0 ,5
14. Shale , gray to  dark-gray 12 |
13. Sandstone, ca lcareous , f r i a b l e ,  f in e ly  cross-bedded I




12. Covered, probably sha le  Î
11. Shale, bu ff ,  gray, and maroon mottled, blocky 7
10. Sandstone, bu ff ,  coarsely  cross-bedded to massive, 
p a r t ly  ca lcareous, with a 6-inch arg il laceous  
bed 3 f e e t  from base 5.5
9, Shale, gray and gray-green, variega ted  3.5
8. Sandstone, bu ff ,  massive, with a 6-inch bed of 
fine-bedded a rg il laceous  sandstone 6 fee t  
from base 13
7. Shale, gray, in te r  laminated with l igh t-g ray
s i l t s t o n e  10.5
Lecompton limestone member
6. Limestone, fu su lin id  coquina 0.25
5. Shale, gray, ca lcareous, fo s s i l i f e ro u s  1.25
4. Limestone, gray, f in e ly  c r y s ta l l in e ,  dense,
flaggy, fo s s i l i f e ro u s  5
3. Shale, gray, ca lcareous, f o s s i l i f e ro u s  2.25
2. Limestone, gray, dense, massive 1.25
Vamoosa formation
Kanwaka sha le  member
1. Shale, gray, base covered 7
32. NE 1/4 SEC. 27, T. 20 N,, R. 7 E.; WESTOARD ALONG
COUNTY ROAD FROM NE CORNER OF SECTION
Wabaunsee group 
Severy sha le
16. Sandstone, caps h i l l  10
15. Covered, probably sh a le  7
Pawhuska formation
Turkey Run limestone member
14. Limestone, gray, dense 1.5
13. Shale , la rge ly  covered 16
12. Sandstone, massive 20
11, Covered, probably sha le  8
Lecompton limestone member
10. Limestone, gray, flaggy, nodular, f o s s i l i f e ro u s ,
contain ing  T r i t ic l te &  11
Vamoosa formation
Kanwaka sh a le  member
9. Shale , red 8
8. Shale, gray 8
Elgin sandstone no. 4
7. Sandstone, bedded, cross-bedded, con to rted ,
le n t ic u la r ,  with th in  sh a le  beds 7
6. Shale , red and l ig h t-g ray ,  s i l t y  7
5 . Shale, gray, with th in  s i l t s t o n e  beds 10
4. Sandstone, massive, l e n t ic u la r ,  bedded toward base 7
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3. Shale, gray 11
2. Covered, probably sha le  4
Elgin sandstone no. 3
1. Sandstone, massive, base covered 5
3. NE 1/4 SEC. 14, T. 20 N., R. 7 E.; WESTWARD FROM




6. Limestone, apparently  a lense of a lg a l  o r ig in ,
looks conglomeratic, caps h i l l  0 ,8
Vamoosa formation
Kanwaka sha le  member
5. Shale , red , with th in  beds of white s i l t s t o n e  10
4. Covered, probably sha le  7
Elgin sandstone no. 4
3. Sandstone, massive 11
2. Covered, probably sha le  7
1. Sandstone, flaggy, well bedded, jo in te d ,  base 
covered, not measured
34. SEC. 12, T. 20 N., R. 7 E.; WESTWARD FROM CREEK
BED ALONG ABANDONED ROAD ON SOUTH LINE OF SECTION
Vamoosa formation
Kanwaka sh a le  member 
Elgin sandstone no. 4
10. Sandstone, f in e -  to  medium-grained, sh a ly ,  th in -
bedded a t  base, massive a t  top, caps h i l l  15
9. Shale , gray, p a r t ly  red ,  poorly exposed, with 
occasional th in  beds of sandstone and s i l t ­
s tone , sandy beds inc rease  toward top 40
8. Sandstone, b u ff ,  bedded 4
7 .  Shale  10
6. Covered, probably sh a le  11
Elgin sandstone no, 3
5. Sandstone, th in-bedded, shaly a t  base becoming 
massive to  cross-bedded a t  top , p a r t l y  speckled 
with brown iron  s t a in  7
4, Shale, gray, s i l t y ,  weathers bu ff  B
3. Sandstone, shaly , cross-bedded 1«5
2. Shale , gray, s i l t y ,  weathers b u ff  3
Elgin sandstone no. 2
1. Sandstone, massive to cross-bedded, ripple-marked
toward base, poorly exposed, base covered 20
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35. SE 1/4 SEC. 8, T. 20 N., R. 8 E,; WESTWARD ALONG
ROAD FROM CREEK BED NEAR SE CORNER OF SECTION
Feet
Vamoosa formation
Kanwaka sha le  member 
Elgin sandstone no. 3
9, Sandstone, caps h i l l  2
8 . Shale , gray 5
7. Sandstone, p a r t ly  covered 7
6. Shale, gray 12
Elgin sandstone no. 2
5 . Sandstone, poorly exposed II
4 . Shale, gray 9
3 . Sandstone, base  covered 1
2. Shale, gray, w ith occasional th in  sandstone
beds, la rge ly  covered 43
Elgin sandstone no. 1
1. Sandstone, massive to  cross-bedded, b a s e  covered 35
36. NE 1/4 SEC. 17, T, 21 N., R. 8 E .; SOUTMARD ALONG
ROAD FROM BRIDGE IN NE CORNER OF SECTION
Vamoosa formation
Kanwaka sha le  member 
Elgin sandstone no. 3
12. Sandstone, massive to cross-bedded, caps h i l l  50
11. Shale , gray 6
10. Sandstone, thin-bedded 3
9. Shale, gray 10
Elgin sandstone no. 2
8 . Sandstone, massive, la rg e ly  covered 12
7. Shale , gray, with interbedded sandstone 8
6. Sandstone, with th in  interbedded shales  2
5. Shale , gray, with occasional th in  beds of s i l t ­
s tone  and sandstone 81
Wynona sandstone member
4 . Sandstone, th in -  to  thick-bedded, cross-bedded,
with th in  interbedded shales 12
3. Shale , gray, weathers brown, poorly exposed 5
2 .  Sandstone, thick-bedded to  cross-bedded, with
th in  interbedded sh a le s ,  p a r t ly  covered 20
1. Shale , gray, with th in  sandstone beds, poorly
exposed, base covered 13
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37. SEC. 22, T, 20 N., R. 8 E.: NORTHWARD ALONG PIPE




9. Sandstone, cross-bedded to  massive, caps h i l l  12
8. Shale , o l iv e  with s treaks  of red and a few th in
sandstone beds, la rge ly  covered 50
7. Sandstone, cross-bedded 2
6. Shale, red and o liv e ,  with th in  beds of l ig h t -
gray s i l t s t o n e  12
5. Sandstone, cross-bedded 3
4. Shale, red, with th in  beds of l ig h t-g ra y  s i l t s t o n e  12
3 . S i l t s to n e ,  l ig h t-g ray ,  cross-bedded 2
2. Shale , gray, la rge ly  covered 2
1. Sandstone, cross-bedded, s i l t y ,  base covered, 
not measured
.38. NE 1/4 SEC. 25, T. 20 N., R. 8 E.; WESTWARD TO TOP
I  OF BLUFF FROM LARGE BOULDER IN CIMARRON RIVER ALONG
ROAD
I T a l la n t  formation
j B igheart sandstone, upper member
! 8 .  Sandstone, medium-grained, massive, blocky,
I  caps b lu f f  30
I  7. Covered, gray sha le  in f l o a t  41
I 6 .  Shale , dark-gray 2
I 5 .  Shale , gray 2
I 4 ,  Sandstone, s i l i c e o u s ,  cross-bedded 4
i 3. Shale , gray-green and purp le , interbedded with
I  th in  beds of s i l t s t o n e  toward top 10
I B igheart  sandstone, lower member
I 2 .  Sandstone, massive, containing lenses of gray
. sha le  up to 1 foot th i c k  3
1. Sandstone, f in e -  to  medium-grained, cross-bedded 
to  massive, con ta ins  c lay  pebbles, top 11 fe e t  
covered, base below r iv e r  leve l 13
39. SEC. 32, T. 20 N., R. 9 E., and SEC. 5, T, 19 N.,
I R. 9 E. (Creek County); SOUTHWARD ALONG COUNTY
; ROAD FROM CREEK BED
I  T a l la n t  formation 
I Revard? sandstone member
11. Sandstone, blocky, massive below to c ro ss ­
bedded above, caps h i l l  8
I__________ 10._Sjiale,_ g%ayi,- witli-s iLty-heds----------- ---------------------  10
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9, Sandstone, blocky, massive 2
8, Shale, gray with maroon s treaks  30
7. Shale, maroon and l ig h t-g ra y ,  s i l t y  with le n t ic u la r
beds of sandstone up to  2 f e e t  th ic k  12
6. Shale, maroon and l ig h t-g ra y ,  s i l t y  10
5. Sandstone and sh a le ,  interbedded 4
4. Shale , maroon and l ig h t-g ra y ,  s i l t y  6
3 , Shale, maroon, with th in  beds of sandstone and 
sandy s i l t s t o n e ;  top 1% fe e t  contain  a
le n t ic u la r  sandstone bed up to  V4 f e e t  th ic k  5
2,  Shale , maroon, with l ig h t-g ray  s i l t y  s t re a k s ,
p a r t ly  covered 15
B igheart sandstone member
1. Sandstone, massive to  cross-bedded, with non- 
r e s i s t a n t  shaly and s i l t y  s treak s  up to  1 foot 
th ic k ,  base covered 31
|40. NE 1/4 SEC. 27, T. 20 N., R. 9 E .; GULLY ON NCfiTH-
I  WEST SLOPE OF SMALL OUTLIER
I T a l la n t  formation 
I  B igheart sandstone member
5. Sandstone, w ell bedded, caps h i l l  8
B arnsdall formation
Unnamed sha le  member
4 .  Shale, g ray  and gray-green, p a r t ly  covered 72
3 , Sandstone, massive 2
2. Shale, gray and g ray-green , p a r t ly  covered 25
Okesa sandstone
1, Sandstone, massive to  cross-bedded, b ase  covered 5
l41. SEC. 30, T. 20 N., R. 10 E.; NORTHWARD UP GULLY





12, Sandstone, massive to  con torted  16
Wann formation
Unnamed sha le  member
11. Shale , gray and gray-green, with irons tone
concretions 45
10. Shale , interbedded dark-maroon and gray-green 5
Clem Creek sandstone member
9. Sandstone, cross-bedded, interbedded with gray
s i l t y  sh a le  in beds up to  1 foot th ick  7
8 . Sandstone, cross-bedded 6
7. S i l t s to n e ,  shaly , thin-bedded, l ig h t-y e l lo w  to 
 gr.ay-biiown  — 2
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6. Sandstone, medium- to  coarse -g ra ined , massive,
well bedded to  cross-bedded toward top 7
5 . S i l t s t o n e ,  shaly , thin-bedded, l igh t-ye llow
to  gray-brown 1
4. Sandstone, well bedded to massive 27
3 . Shale , gray 1
2 . Covered, probably sha le  36
1. T errace , not measured
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